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Abstract 
During the last decades a large number of public organizations and private 
corporations worldwide, have adopted Environmental Management Systems (EMS) 
aiming to enhance the efficiency of their efforts that minimize environmental impacts. 
An EMS consists of planning, implementing, developing and reviewing procedures and 
activities. The comprehensive nature of the EMSs proved to be beneficial to their 
users, not only regarding their environmental performance, but also for the 
performance of other sections such as the economic, administrative and public affairs. 
On the other hand, due to the complexity that characterizes EMSs, the assessment of 
their effectiveness usually turns out to be quite challenging. Consequently, even 
though EMS is one of the most widely used tools, its effectiveness remains under 
question by a large number of researchers.  
This dissertation provides a review on EMS in the military sector globally and an 
assessment of its effectiveness. The significant environmental impact of military 
operations combined with their multidimensional nature as well as the Armed Forces 
vital importance, have resulted a need for a holistic approach of the ecological 
management integration in the military activities. However, the EMS effectiveness 
assessment is even more demanding in the defense sector. The EMS effectiveness 
assessment is carried out through the examination of environmental performance 
indicators (EPIs). This dissertation provides a study on EMS implemented by USA and 
UK Armed Forces (which is ISO 14001 model, adapted to their singular characteristics) 
followed by an assessment based upon certain EPIs. The conclusions presented may 
contribute to a better evaluation of EMS as an integrated tool in the Armed Forces 
management. 
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1. Introduction  
The growing concern regarding the environment, during the last decades, has 
resulted an integration of eco-friendly measures into the activities of many organiza-
tions. Environmental Management System (EMS) is a framework aiming at cost-
effective management of an organization’s resources while minimizing the effect of its 
activities on the environment (Rao, 2005). It provides directions for planning, doing, 
checking, monitoring, auditing, evaluating and reviewing environmental programs. The 
holistic approach adopted by EMS, incorporates environmental considerations into 
everyday decisions and actions and has resulted improved efficiencies regarding 
environmental performance. Today, the world's most recognized EMS is ISO 14001 
which is based upon the Plan-Do-Check- Act (PDCA) Deming cycle method (ISO, 2017).  
One of the reasons that contributed to EMS popularity is the multiple benefits 
(structural, economic, environmental and reputational) of EMS implementation to the 
user organization. However, certain researchers question the EMS effectiveness re-
garding environmental performance, claiming that user organizations aim primarily at 
other kind of gains by EMS implementation and give second priority to environmental 
performance (Oglanis and Loizidou, 2017).   
Armed Forces are organizations of vital importance for every nation, but their 
activities usually result in very significant environmental impact. Therefore, EMS 
implementation is necessary within Armed Forces, in order to minimize environmental 
impact without degrading operational capacity. On the other hand there are numerous 
factors which make EMS implementation as well as EMS effectiveness assessment in 
the Armed Forces, quite challenging. These factors include, the broad field of activi-
ties, the multitasking assignments, the large variety of equipment used and the intan-
gible nature of services provided by the Armed Forces (Ramos and Melo, 2006).  
In order to integrate environmental considerations into the military activities of 
its member-states, NATO has published a series of directives regarding EMS imple-
mentation for allied operations and proposed the adoption of ISO 14001 standard. U.S. 
Department of Defense adopted the ISO 14001 standard and mandated the develop-
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ment of compatible EMSs for the U.S Armed Forces branches, having as an epicenter 
the military installations and aiming at enhancing environmental performance as well 
as operational capacity (Oglanis and Loizidou, 2017). Likewise, the U.K. Ministry of De-
fense developed an EMS, based upon ISO 14001 and adjusted to the particularities of 
its Armed Forces, but orientated at supporting projects in mitigating environmental 
impacts as well as managing safety risk (UK MoD POEMS, 2007).  
It is clear that both U.S. and U.K. Armed Forces expect multiple benefits from 
EMS implementation. However the question of environmental performance enhance-
ment and assessment, still applies for them. The use of Environmental Performance 
Indicators (EPIs) provides credible outputs for that assessment. Therefore, this study 
focused on changes that occurred to the most important EPIs after EMS 
implementation.  
The aim of this dissertation is to evaluate the EMS implementation by Armed 
Forces.  More specifically, the research questions of the study focus on the following 
issues:  
- Environmental performance improvement as a result of EMS 
implementation by Armed Forces.  
- Potential of middle-term and long-term EMS evolution in the military 
sector. 
- Identification of possible gaps in the Armed Forces environmental 
performance assessment. 
The remainder of this dissertation is organized as follows: 
Chapter 2 provides a literature review which is structured as to start from the 
general overview and then narrow its scope. It begins with a presentation of the origin 
and development of EMS in general, a brief comparison of EMAS and ISO 1400 as well 
as different opinions regarding EMS effectiveness. It continues by discussing the par-
ticularities of EMS development in the Defense Sector globally, then focusing on NATO 
perspective and presenting the establishment of EMS by the United States and United 
Kingdom Armed Forces. The last part of the literature review is a brief description of 
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the EMS established by the U.S. Army 
Chapter 3 deals with the methodology of research adopted by this dissertation. 
It starts by briefly presenting research methods in general and continues by describing 
the method adopted providing the reasons of this selection. Additionally, the limita-
tions of the study are presented.  
Chapter 4 presents the results of the research. It presents assessments of EMS 
effectiveness based upon environmental performance as it is depicted by selected en-
vironmental performance indicators. It contains three parts, one for each organization 
examined. These are the U.S. Department of Defense, the U.S. Army and the U.K. Min-
istry of Defense.  
Chapter 5 provides a discussion based on the comparison of literature review 
and research results. It also contains recommendations for future studies.  
Chapter 6 provides the conclusions of this dissertation as well as recommenda-
tions.  
Finally Annexes A, B and C contain all the numerical data collected during the 
research as well as relative correlations, in detail. They are organized in tables and 
presented in graphs. 
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2. Literature Review 
2.1 General 
During the last decades, the public concern for the environment has increased 
remarkably and led governments and organizations to a quest of ways that would 
efficiently address environmental issues without undermining economic development 
and social prosperity (Oglanis and Loizidou, 2017). As a result, during the World 
Commission on Environment and Development in 1987, the term of Sustainable 
development came up as "a development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs". Sustainable 
development’s concept is based upon three pillars, economic growth, environmental 
protection, and social equality, none of which should be neglected (Our Common 
Future, 1987). 
2.1.1 EMS Origin 
In order to respond to society’s environmental pressure, companies 
implemented measures that reduced their environmental impacts. In the beginning 
only technical measures were being taken (end-of-pipe solutions such as exhaust 
filters) which soon proved to be insufficient not only because of their high economic 
cost but mainly because they simply transferred pollution problems from one sector to 
another (Rao, 2005). Furthermore, organizational issues such as uncorrected human 
errors, inadequate knowledge or ineffective communication, were indicated as factors 
causing environmental problems as well. Therefore, companies and governments 
adopted the principles of quality management aiming for ‘’cradle-to-grave solutions’’ 
of environmental issues, which led to a comprehensive approach of managing 
operations. Under that concept, Environmental Management Systems were 
established, for both public and private sector, aiming at mitigating environmental 
impacts of an organization without unnecessary increase of economic or operational 
cost. (NATO-CCMS, 2000).   
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2.1.2 EMS Standards development 
According to Brunsson and Jacobsson (2000,  p.2), standards have been defined 
as ‘’pieces of general advice offered to a large number of potential adopters’’. 
Consequently, in the case of EMS establishment as well, it was necessary to develop 
standard methodologies that would provide direction and guidance throughout their 
planning and implementation (Wang and Wu, 2013). Therefore, in 1992 the British 
Standard Institution published the first EMS standard, called BS 7750. Three years later 
in 1995, the Eco-Management and Auditing Scheme (EMAS) was published by EU in 
order to address to European states. In 1996 the International Organization for 
Standardization (ISO) published the ISO 14001 framework. Many countries have 
created their own standards ever since, but EMAS and ISO 14001 are the two globally 
accepted standard frameworks. Therefore, the BS 7750 was redesigned in order to be 
to be compatible with both ISO 14001 and EMAS. (BS 7750 Quality Network, 2017) 
2.1.3  ISO 14001 and EMAS 
ISO 14001 standard was established by ISO, a non- governmental organization 
operating since 1947, which had already developed a variety of standards. Taking 
advantage of ISO’s long-year experience in standardization procedure development, 
ISO 14001 standard is designed to provide tools for corporations and organizations in 
order to manage their environmental responsibilities (ISO, 2014).  
Figure 1. The PDCA Deming Cycle  
Plan-Do-Check-Act 
Cycle
Evaluate the results. 
Measure how effective 
the solution was and 
analyze whether it 
could be improved in 
any way. 
- Develop 
solutions. 
- Implement the 
solution.
- Identify the 
problem. 
- Analyze the 
problem. 
Standardize the 
solution and 
implement it fully. 
 
(Source: Adapted from Moen & Norman, 2009) 
  ISO 14001 follows the Plan-Do-Check-Act (PDCA) Deming cycle method (figure 
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1) and includes step-by-step procedures that move from Environmental Policy to 
Planning, Implementation, Checking and Corrective action (Sokovic et al, 2010).  
 EMAS is a premium management instrument, applicable on a voluntary basis 
for private and public sector organizations to evaluate and enhance their 
environmental performance. It was initially limited within the European Union, but 
since 2010 its scope was extended beyond the limits of Europe. The developed 
standards aim primarily at performance improvement beyond regulatory compliance 
through management of environmental impacts and credibility enhancement through 
public information and transparency (European Comission, 2017).  
 Today ISO 14001 standard is adopted broadly at a global level, by public and 
private organizations and thus is considered to be the world's most recognized 
environmental management system (Wang and Wu, 2013).  However, EMAS can be 
considered as a more demanding environmental management system, because of its 
concept of operation that results four important additional requirements. First, it is 
obligatory to demonstrate continual improvement of environmental performance on 
an annual basis. Second, full compliance with environmental legislation ensured by 
government supervision is required. Third, it is mandatory to maintain open dialogue 
with the public, through publishing annual reports. Finally an active employee 
involvement is required and their competence, training and awareness have to be 
demonstrated (Testa et al, 2014).  Furthermore, even though EMAS requirements go 
beyond the ones of ISO 14001, it has not become clear yet whether the two standards 
are complementary or substitutes. Nevertheless, the reputational gains from EMAS 
implementation are considered lower than ISO’s, which is one of the reasons why 
EMAS certifications are outnumbered by the ones of ISO 14001, even inside Europe 
(Neugebauer, 2012).  
2.1.4 EMS Effectiveness 
The establishment of an EMS by an organization, results elements of effective 
management, such as monitoring and reporting requirements, at least. Regarding 
environmental performance, various studies have been conducted in order to 
determine whether the adoption of an EMS can indeed result better environmental 
performance or is it just a procedure aiming primarily at other priorities and 
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sometimes even reaches the limits of sophisticated “greenwash”. These are two 
opposite opinions which have not reached any common ground (Yin and Schmeidler,  
2007).   
Certain studies claim that an EMS provides multiple benefits, to the user 
organization (structural, economic and environmental) but also to the public as well.  
Through the EMS implementation, an organization can enhance its’ procedures for 
compliance and documentation and thus be inspected more quickly. Third party 
inspections improve procedures for preventing accidents or other environmentally 
damaging incidents. Furthermore, during EMS implementation, the personnel has the 
opportunity to identify ways to reduce unregulated consumption of resources such as 
energy and water and thus reduce the cost as well as the environmental impacts of the 
respective facility (Andrews et al, 2003). 
 On the other hand, there are studies questioning the EMS contribution to 
environmental performance improvement. They argue that private as well as public 
organizations, focus more on legal compliance and enhancement of their public image 
than actually minimizing their environmental impacts (Oglanis and Loizidou, 2017).    
In order to thoroughly examine the effectiveness of the implementation of an 
EMS on an organization, it is necessary to determine its costs and benefits. The costs 
that organizations experience by introducing an EMS, consists of implementation cost, 
audit / certification cost and system maintenance cost. These costs vary in accordance 
with the organization’s characteristics as well as the related differences in possibly 
already existing management systems. The stronger the organizational capabilities that 
exist prior to EMS adoption, the lower the EMS implementation cost is. (Andrews et al, 
2003). Especially for the public sector, the EMS implementation costs come mainly 
from increased labor hours of the personnel and the hiring of external experts as 
consultants (Andrews et al, 2003). 
Apart from improved environmental performance and legal compliance, EMS 
adoption results benefits such as increased management efficiency, increased 
operational efficiency, reduced liability, regulatory benefits, improved community 
relations, and improved customer/supplier relationships. Moreover, for public-sector, 
EMS utilization mostly results identification of the root causes of non-compliance, and 
improved operational control on activities that affect the environment (Andrews et al, 
 -14- 
2003). Overall, the balance of cost vs benefits when adopting an EMS is in favor of the 
organization, at least regarding its operating and management efficiencies but also its 
environmental performance as well.  
2.2 EMS in the Defense sector generally 
The main task of a country’s armed forces is to protect the interests of the 
country and defend its sovereignty (sometimes its very existence). Therefore their 
importance is above question. On the other hand, in most countries, environmental 
impacts of the defense department are usually much heavier than of any other 
department of the public sector (Ramos and Melo, 2006). Considering the numbers of 
military aircraft, naval vessels and motor vehicles as well as the size of land (and 
generally natural resources) used for training, becomes obvious that military activities 
affect the environment in a number of ways such as land, water and air pollution, 
energy consumption, GHG emissions and land use. Therefore the adoption of EMSs is 
indicated as necessary, in order for armed forces to enhance their environmental 
performance while sustaining a high operational level (Wang and Wu, 2003). 
From the managerial point of view, and similar to most public organizations the 
main characteristic of the Armed Forces is that they produce services instead of 
products. Unlike products, services are intangible, their production and consumption 
cannot always be kept apart and most of them are composed of actions and 
interactions. Additionally, the high level of complexity that characterizes military 
activities, make the integration of environmental considerations a very challenging 
target, the necessity of which is proved by their significant environmental impact 
(Ramos and Melo, 2006).   
2.2.1 NATO and EMS  
 During the mid-1990’s, after the end of the Cold War, NATO conducted a Pilot 
Study in order to integrate environmental considerations in the military sector. Several 
benefits for the Armed Forces by EMS implementation were identified. Regarding the 
operational dimension amongst others, it was underlined that implementing an EMS 
would contribute to Enhanced operational readiness by various ways such as  reducing 
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negative impacts such as bird collisions with aircraft. Additionally, enhancing 
maneuverability in operation areas is achieved by having environmental information 
integrated in the military commanders planning. Regarding infantry/special forces 
training, it is conducted more realistically in training areas of a good environmental 
condition. Other benefits concerning cost savings, incident prevention, environmental 
risk management, public relation enhancement and best reuse of former military 
installations, were also identified (Godschalk, 1998).  
 The NATO Pilot Study established some basic guidelines for the incorporation of 
environmental protection into the military activities and examined the potential of 
adopting one of the dominant international EMS standards (EMAS, ISO 14001 and BS 
7750) by the member-states armed forces. Its’ final report in 2000, proposed the 
adoption of ISO 14001 as the only worldwide recognized standard, as well as the most 
user friendly. (Oglanis and Loizidou, 2017).  
 During the following years, a series of six NATO Allied Joint Environmental 
Protection Publications (AJEPPs) were signed in order to provide further guidance for 
member-states MoDs’ to deal with environmental issues through EMS 
implementation.   
 AJEPP-3 provides guidance of how to integrate an EMS into the NATO 
Operational Planning Process (OPP) and underlines their similarity as they both use  
the PDCA cycle method. 
 AJEPP-2 is addressed to operational / tactical level Commanders and staff 
planners, describing best Environmental Protection practices and standards for military 
camps in NATO operations. 
 AJEPP-4 defines the military commanders’ environmental responsibilities and 
provides guidance for environmental planning and risk management as well as 
recommendations for environmental education and training.  
 AJEPP-5 states the joint requirements for NATO waste management during 
NATO-led military activities. 
 AJEPP-6 describes all the components of the environmental file on a deployed 
camp. 
 AJEPP-7 describes best practices for the sustainability of national military 
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training areas.   
2.3 EMS in the UK Armed Forces  
The first efforts of the British Government towards the establishment of an 
environmental framework began in the 1990’s. In 1997 the Department of 
Environment Transport and Regions (DETR) formulated a guide for ecological 
governance and all Ministries were directed as to develop their environmental 
strategies accordingly. An important experience for the development and 
implementation of EMSs was provided by the publication of EMAS in 1995. The 
Ministry Of Defense (MoD) defined it’s policy in order to comply with the 
government’s direction (Oglanis and Loizidou, 2017). A big step ahead was made by 
the MOD’s Defense Equipment & Support (DE&S) organization, when the use by the 
Armed Forces of the Acquisition Safety and Environmental Management System 
(ASEMS) which contains the Project Orientated Safety Management System (POSMS) 
and the Project Orientated Environmental Management System (POEMS), was 
mandated. They were published in 2007 and aim to support projects in managing 
safety risk and environmental impacts as well as in applying mitigation measures. As a 
result, the MoD uses a holistic approach of mitigating both safety and environmental 
issues, that are relevant to military activities. The safety as well as the environmental 
management are aligned and the degree of their integration is periodically reviewed.  
2.3.1 Project Orientated Environmental Management System (POEMS) 
Establishing and fully implementing a site-specific EMS had been challenging 
for the Armed Forces because there are many permanent MoD installations with 
transient personnel, frequently changing activities and various types of equipment. 
Even though UK has gained valuable experience from EMAS, POEMS is based on 
international standards ISO14001 and ISO14040, which focus on environmental 
management systems and life cycle assessment, respectively. POEMS does not seek to 
manage the operational use of equipment (UK MoD POEMS, 2007). The primary aim of 
POEMS is to identify and manage all potential environmental aspects (causes) and 
impacts (effects) by thoroughly examining military equipment and activities during 
acquisition, operation and disposal. This is achieved by drawing up a list and defining 
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relevant priorities, of activities associated with the equipment based on anticipated 
environmental impact scores, regardless of location as most of the equipment are 
expected to be used in various locations. The result of this procedure is an EMS that 
covers the life cycle of the equipment and any related activities. (Galante et al ,2017) 
2.4 EMS in the USA Armed Forces 
2.4.1  General 
The U.S. Armed Forces consist of four branches (Army, Navy, Air force and 
Marine Corps) and are placed under the direct control of the Department of Defense 
(DoD). The mission of the DoD is to provide the military forces needed to deter war 
and to protect the security of the United States. (U.S. DoD, 2016)    
During the 1970’s, the U.S. government decided to deal with environmental 
issues within its Armed Forces. The primary reason for that, was the fact that the 
Department of Defense (DoD) owns 13.5 million acres of land in the U.S (US Army 
Sustainability Report, 2014), which is mainly used for training purposes. Therefore, the 
necessity of maintaining the natural resources of the land owned, indicated towards 
the integration of environmental tools and made the US DoD the first in the Defense 
sector globally that implemented an EMS. For the next twenty five years, a variety of 
publications were issued by the US Armed Forces, aiming at minimizing the military 
activities impacts on the environment as well as ensuring compliance with the national 
environmental policy (Oglanis and Loizidou, 2017).      
At this point, it is worth mentioning that one of the major facts that accelerated 
the environmental considerations within DoD, occurred at the end of the Cold War and 
was the closure of a large number of military facilities (bases, training areas, supply 
depots). By that time, in order to convert ex-military facilities to productive local reuse, 
the DoD found itself facing the very challenging task of cleaning up the contamination 
of water and land resources, in a large number of these facilities. The contamination 
had been caused as a result of practices such as hazardous material usage and fuel 
disposal in a status of loose control, throughout several decades. In 1992, 500 bases 
that were planned to close had acknowledged needs for cleanup procedures, 25 of 
which (all cited in U.S.) were identified as so badly contaminated that they had been 
included on the Environmental Protection Agency's (EPA's) list of hazardous waste 
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sites that pose the most serious threats to human health (Wegman and Bailey, 1994). 
Until 2008, DoD had spent nearly $7,3 billion to clean up contaminated sites and 
another $3,9 billion is estimated to have cost the completion of the rest of the cleanup 
actions (Bearden, 2008).   
Of all four branches of the DoD, the biggest proportion of land as well as the 
majority of the military personnel belong to the Army and probably this is the reason 
why the Army is the pioneer branch regarding environmental issues, which sets the 
regulations that other branches adjust to their standards and follow. Furthermore, the 
Army was selected to manage the National Defense Center for Environmental 
Excellence in 1991. Since the 1990’s there are three milestones on the way of the EMS 
evolution in the US Army. The first was in 1992 when the ‘’Army Environmental 
Strategy into the 21st Century’’ and the “Army Environmental Organization Decision 
Memorandum“ were published (Sinclair and Tschirhart, 2001). 
The second milestone was in 1998 when the DoD conducted a two-year pilot 
program at sixteen installations, aiming to identify the potential costs and benefits of 
ISO 14001 EMS implementation. The aforementioned installations had developed, 
prior to implementing ISO 14001, strong environmental programs. Therefore the 
highest gain reported from ISO 14001 implementation, was at risk management 
because of the introduction of a better organized method for identifying and managing 
environmental risks, improved awareness of operational impacts on the environment 
by the personnel and better record keeping practices. Additionally, smoother 
integration of environmental considerations into decision-making processes as well as 
improved project prioritization were reported. On the other hand there was very small 
improvement in the legal compliance posture. In the end, the Pilot Program results 
showed that a fruitful insight into the strengths and weaknesses of the existing 
environmental programs was gained by all participants. Assessing that greater benefits 
for installations with weaker environmental programs were very likely be achieved, the 
DoD decided for military installations, to adopt the ISO 14001 standard and develop 
compatible EMSs (DoD Final Report “ISO 14001 EMS Pilot Study”, 2000). 
The third milestone was in December 2005, when the “U-S-Army-
Environmental-Management-System-Implementers-Guide” that provides directions for 
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US Army installations, towards full conformance with the ISO 14001 standard, was 
published (Sinclair and Tschirhart, 2001).  
2.4.2  U.S Army EMS procedure Initiation phase 
Figure 2. EMS Initiation steps 
Step 1. The Installation Commander (CDR) Selects the EMSMR. 
Step 2. The CDR and EMSMR coordinate with EQCC and select CFT 
Step 3. CFT receives EMS training 
Step 4. CFT conducts self-assessment 
Step 5. CDR and EMSMR meet with EQCC 
Step 6. CFT prepares EMS implementation plan  
Step 7. CDR approves EMS implementation plan 
Step 8. CDR and EMSMR hold kickoff meeting 
     (Source: US Army EMS Implementers Guide 2005)
  
 ‘’US Army’s EMS Implementer’s Guide’’ provides Army personnel an easy-to-
use tool for implementing the Army’s EMS. The adopted standards, derived from ISO 
14001, are described in a detailing step-by-step procedure and additional information 
is added in order to adjust to military particularities. Nevertheless, the guide offers the 
implementer a degree of flexibility, as it addresses to a variety of installations with 
different requirements.  
EMS Initiation is the phase that actually develops a plan which aims at ensuring 
that necessary key actions for the EMS are completed. During that phase, the 
installation Commander along with the selected key personnel (EMSMR1 and CFT2) 
coordinate their actions and communicate with the senior leader group (EQCC3) of the 
facility to ensure their support and endorsement at the planning process. It consists of 
8 steps (Step 1 to 8) as depicted in Figure 1. The steps marked in yellow (Steps 4 and 8) 
are the ones where the Army EMS include significant differences with ISO 14001 
                                                        
1
 EMS Management Representative. A suitable official appointed to manage and supervise the 
whole EMS planning and implementation effort. 
2  Cross Functional Team, consisted of representatives of every organization inside a military 
installation, responsible for gathering and disseminating information, developing or reviewing EMS 
procedures, coordinating and facilitating EMS implementation as well as dealing with possible reactions 
to the changes resulting from EMS implementation. 
3 Environmental Quality Control Committee. A senior leader group that includes mission 
commanders and senior representatives from all the major organizations and tenants on the 
installation. 
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standards. Steps 4 (self-assessment) and 8 (kickoff meeting) although not required by 
ISO 14001 standard, are considered mandatory by Army’s regulations because of the 
particular nature of the Army’s modus operandi and the large variety of organizations 
such as military units, tenant units and support contractors, which operate 
autonomously inside most of Army’s installations. 
2.4.3  U.S. Army EMS procedure Implementation phase 
Figure 2 shows the whole course of the steps that compose the 
Implementation phase. Same as in Figure 1, the steps marked in yellow are the ones 
where the Army EMS include significant differences with ISO 14001 standards and 
therefore this study provides further details.  
 
Figure 3. U.S. Army EMS Implementation steps 
 
(Source: US Army EMS Implementers Guide) 
The EMS implementation phase starts with the identification of mission focus 
(Step 9) which, although not included in ISO 14001 requirements, is mandatory 
according to Army rules. It is considered to be one of the most essential steps in EMS 
implementation because it actually aims at combining the mitigation of environmental 
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impacts with the enhancement of the installation’s effectiveness. Under that mindset, 
an environmental policy statement (Step 10) that conforms to ISO 14001 requirements 
and also refers to the installation’s mission is prepared or (if already exists) revised.  
Regarding the establishment of awareness training (Step 11) it is an ongoing 
process aiming to communicate the environmental policy, general EMS concepts and 
principles, and instill a sense of individual responsibility for the success of the EMS to 
the whole of personnel. It is not to make everyone an environmental expert, nor is not 
possible. Although ISO 14001 (Section 4.4.2) provides directions towards both 
awareness and competency training, the Army has distinguished awareness training to 
take place early in the implementation process and competencies training later, after 
key elements of the EMS are defined (US Army EMS Implementers Guide). This 
distinction has double profit for the Army considering that awareness training is 
addressed to the whole of personnel and a large part of it has probably a low level of 
environmental education. The first is ensuring that awareness training will make the 
EMS implementation ‘’everyone’s business’’. The second is that the Army uses the EMS 
implementation process as an opportunity to provide its personnel, basic education 
and understanding of EMS principles.     
Regarding communication, ISO 14001 (section 4.4.3) requires the installation to 
establish and maintain procedures that ensure a good level of internal and external 
communications (Step 14) but does not require documentation. However, the Army 
encourages having communication procedures documented in order to achieve 
exchange of information among different military installations, more effectively. 
Environmental Aspect-Impact Analysis and Aspect list Prioritization (steps 16-
19) are considered, by most kinds of organizations, to be the most difficult part of the 
EMS implementation. Therefore the Army has furtherly distinguished different 
procedures for each one and strongly recommends to develop written documentation 
for them. 
The first challenge, comes from the fact that the number of activities, products 
and services of different functional areas, which had been previously defined, can be 
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very large. However the majority of them are similar and they can be grouped. The 
following list described in AR200–14, includes most of them (listed by 
mission/functional area): 
(1) Weapons Systems (development, demonstration, production, deployment, 
operation, support, demilitarization and disposal) 
(2) Logistics Support (supply storage, distribution and recovery ,maintenance, 
and transportation) 
(3) Training (providing and conducting individual, functional, and 
organizational both tactical and non-tactical) 
(4) Infrastructure Development and Maintenance  
(5) Base Operations Support 
(6) Transportation Equipment. (tactical and non-tactical vehicles, aircraft, rail 
systems, watercraft, and supporting maintenance operations) 
(7) Mobilization and Deployment (assembly and organization of material and 
personnel resources in response to war or other emergencies) 
Each one of the installation’s activities, products, and services has 
environmental aspects that can be controlled or influenced and must be identified. 
Environmental aspects are defined as ‘’elements of an organization’s activities 
products and services which can interact with the environment”. According to AR200-
1, important environmental aspects result in mission or environmental impacts and 
include the following: 
“(1) Air emissions (fugitive or from stacks), including hazardous and non-
hazardous air pollutants.  
(2) Generation of noise, vibration, odor, dust, heat, mold, light, radiation, and 
other nuisance activities. 
(3) Discharges and disposals, spills, or other releases to soil or ground and/or 
surface waters. 
(4) Natural resource alteration (consumption or conservation). 
(5) Ecological resource alteration (e.g. wetland and endangered species 
protection) 
(6) Energy consumption or conservation.” 
                                                        
4US Army Regulation 200–1. Environmental Quality, Environmental Protection and Enhancement 
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Each aspect is analyzed into more specifications, depended on its qualitative 
characteristics. For example air emissions may include carbon dioxide or sulfur oxides. 
On the other hand, it is very common to have similar environmental aspects from 
similar activities. In these cases, they can be grouped together and assessed 
collectively. However there might be exceptions due to specific factors of any kind (e.g 
proximity to sensitive wildlife area or special operations affected) that result isolated 
evaluations.      
Each environmental aspect has a cause-and-effect relationship with several -
probably more than one- environmental impacts. The definition of an environmental 
impact according to ISO 14001 (p. 2) is “any change to the environment, whether 
adverse or beneficial, wholly or partially resulting from an organization’s 
environmental aspect”. In order to identify them (Step 18), it is necessary to use the 
expertise of the CFT members as they represent each functional area of the 
installation. Same as the environmental aspects, impacts have to be identified in detail 
and recorded in order to be evaluated.   
The identification of the significant environmental aspects (Step 19) is 
determined through a process that gathers and evaluates environmental as well as 
mission accomplishment considerations that are related to each impact. Afterwards a 
quantification for each consideration characteristic, using a numerical rating system, 
follows and rating factors are defined. This will allow the calculation of a Significance 
Score for each impact. The following rating factors provide a good approach for the 
impact significance: 
- Environmental impact frequency or likelihood, which indicates the probability 
of the impact occurring or how often it actually occurs. 
Table 1: Indicative Rating Factors for Frequency or Likelihood of Environmental Impact 
Frequency or likelihood (F) scale 
5 = Continuous—ongoing or daily 
4 = Frequent—more than once per month  
3 = Infrequent—more than once per year, less than once per month 
2 = Rare—once every year or two 
1 = Never—never or highly unlikely 
(Source: US Army EMS Implementer’s Guide) 
- Environmental impact severity. It is rated through the evaluation of 
considerations such as toxicity and quantity of substances involved, proximity of the 
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impact to sensitive areas and size of the area affected. 
Table 2: Indicative Rating Factors for Severity of Environmental Impacts or Consequences 
Environmental impact severity (E) scale 
5 = Severe—immediate threat likely to result in widespread damage to human 
health or the environment and requiring great effort to remediate or correct. 
4 = Serious—no immediate health threat, but likely to significantly damage the 
environment and difficult but possible to remediate. 
3 = Moderate—somewhat harmful, but correctable. 
2 = Mild—small potential for harm to environment, correctable. 
1 = Insignificant—trivial consequences, easily correctable or not impact. 
 (Source: US Army EMS Implementer’s Guide) 
- Mission impact severity. It is not unlikely for several impacts to constrain the 
mission or even totally deny the installation the ability of performing its activities.  
Table 3: Indicative Rating Factors for Severity of Mission impact 
Mission impact severity (M) scale 
5 = Loss of ability to accomplish critical mission or near mission failure. 
4 = Severely degraded mission capability or serious mission restrictions. 
3 = Moderate mission restrictions. 
2 = Minor mission impacts or restrictions. 
1 = Insignificant mission impacts or restrictions and alternatives available. 
0 = No mission impacts or restrictions. 
(Source: US Army EMS Implementer’s Guide) 
- Regulatory impact. Compliance with applicable legal and other requirements 
are considered in rating, according to ISO 14001. Additionally federal, state and DoD 
orders and regulations are also considered. 
Table 4: Indicative Rating Factors for Regulatory impact 
Regulatory impact (R) scale 
4 = Federal, state, or host nation statutory requirements or regulations apply. 
3 = Likely to be regulated in future by federal, state, or host nation agency. 
2 = Army or DoD requirements apply. 
1 = Best management practice (BMP) applies. 
0 = No requirements apply.  
(Source: US Army EMS Implementer’s Guide) 
Community concerns.  
Table 5: Indicative Rating Factors for Community concern 
Community concern (C) scale 
4 = Public outcry or lawsuits. 
3 = Serious community concern, political inquiries, intense negative media. 
2 = Moderate community concern, some media coverage. 
1 = Community not currently concerned, but could become so. 
0 = Community ambivalent or unconcerned. 
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(Source: US Army EMS Implementer’s Guide) 
After the rating of the individual factors, the Significance Score (SS) for each 
Impact can be calculated as follows: 
  SS= Frequency x (Environmental Impact Severity + Mission Impact Severity) + 
Regulatory Impact + Community Concern. 
For the specific scales shown above, the maximum possible SS is: 
SS(Max) = F x (E+M) + R + C = 5(5+5)+4+4=58    
Significant aspects are those which have significant impacts. In order to 
determine the significant impacts it is up to the installation’s Commander’s judgement 
and EMSMR’s suggestion, to set a threshold for the Significance Score, above which 
the impact is significant. However, the procedure that determines significance needs 
to be documented. 
Additionally the Army strongly recommends for an impact to be characterized 
as significant, regardless of the overall significance score, in two cases: 
 - First, for impacts that receive a score of 4 in Regulatory impact, because of 
ISO 14001 emphasis in compliance with legal and other requirements. 
 - Second, for impacts that receive a score of 4 or 5, in Mission Impact Severity. 
Apart from the above, the Army allows further flexibility for CDRs to use their 
judgment and intuition by not obliging them to exclusively consider the numerical 
criteria, but also the qualitative characteristics for both impact and aspect significance. 
It is also worth mentioning, that after the identification of the significant aspects, the 
awareness training is customized accordingly. 
For each significant aspect, objectives and targets are determined either for 
bringing the aspect under control or enhancing the conditions that lead to mitigating 
the risks associated with it. They should be specific and measurable. Their basic 
difference is that targets include specific deadline for accomplishment. 
As soon as objectives and targets are put in a list, they are recorded and 
documented in accordance with ISO 14001 requirement. Additionally, the Army 
recommends to have the EPIs documented as well. 
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For each objective and target(s), specific CTF members are designated as 
responsible for their achievement which is managed through Environmental 
Management Programs (EMPs).  
Table 6: Example of Recording Environmental Aspects, Impacts and Significance score 
Activity, 
product, 
or 
service 
Environmental 
aspect Impacts 
Significance score  
 
 
Overall 
Significance 
(>25) 
 
 
Fr
eq
u
en
cy
 
En
vi
ro
n
m
en
ta
l s
ev
er
it
y 
M
is
si
o
n
 im
p
ac
t 
R
eg
ul
at
o
ry
 im
p
ac
t 
C
o
m
m
u
ni
ty
 C
o
n
ce
rn
s 
O
ve
ra
ll 
sc
o
re
 
Vehicle 
mechani-
cal repair 
and main-
tenance 
(Building 
5100) 
Air emissions 
(VOCs) 
Air pollution (ozone 
depletion) 
4 3 3 
4 
(Sig) 
0 
28 
(Sig) Significant 
Noise generation 
Nuisances to the sur-
rounding community 
2 2 1 0 1 7  
Waste generation 
(solvents) 
Increased hazardous 
waste generation and 
storage 
4 3 1 
4 
(Sig) 
1 21 Significant 
Discharges and 
spills (oils and 
grease) 
Surface or ground water 
contamination (decrease 
in dissolved oxygen 
content) 
2 3 2 
4 
(Sig) 1 21 Significant 
Energy 
consumption 
Energy source depletion 5 1 1 1 0 11  
   (Source: US Army EMS Implementer’s Guide) 
An Environmental Management Program (EMP) is the way to schedule and 
organize activities for achieving an objective. It contains a plan which describes how 
this specific objective will be achieved and includes timelines, descriptions of 
resources, roles, responsibilities and authority as well as measuring and monitoring 
procedures. Therefore it should answer the 5W questions (who, what, when, where 
and why).   
2.4.4  U.S. Army EMS procedure Finalization 
The EMS Finalization consists of Procedures for nonconformance, Periodic 
audits and EMS management reviews.   
Procedures that will lead to preventive as well as corrective actions for non-
conformance, are established. Roots of nonconformance might be, poor 
communication, procedure gaps, equipment malfunctions, lack of training or 
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corrective actions that fail to address the actual causes of problems. Documenting 
these procedures is not an ISO 14001 requirement but the Army (again) recommends 
the documentation as a way to ensure consistency and understanding across the 
installation.  
Afterwards, a schedule for periodic audits (internal or external) is set. There are 
two types of audits.  
(1) EMS audits, that focus more on the essential and less on the procedural practices 
followed. Their aim is at spotting and helping to correct nonconformities as well as 
maximizing effectiveness (both environmental and mission) by identifying 
opportunities for improvement in the installation’s EMS. 
(2) Compliance Audits, which focus on identifying of noncompliance with the legal 
and other requirements that derive from the installation commitment. 
 In order to ensure continuing adequacy and effectiveness, regular reviews of 
the EMS take place. Basically the EMS review is very similar to the, widely used in the 
Armed Forces, In-Process Review (IPR) procedure. The review is conducted through 
recommendations by the key personnel who take under consideration the following: 
(1) The installations performance and the extent to which objectives and targets have 
been met. 
(2) Results of audits and evaluations. 
(3) Changing circumstances. 
(4) Previous management reviews and recommendations for improvements. 
3. Methodology of research  
3.1 Research approaches 
Research is a scientific and systematic investigation for pertinent information 
on a specific topic. The purpose of research is to find answers to questions and 
discover a truth which is hidden or has not been discovered yet, using scientific 
procedures. (Kothari, 1990). According to Leedy and Ormrod, (2001, p.2) “research is 
the process of collecting, analyzing, and interpreting data in order to understand a 
phenomenon”. 
 Regarding the origin of the data collected, there are two basic categories. 
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Primary data, meaning the data collected by the researcher himself, and secondary 
data or secondary sources data which are data that already exist. Primary data include 
questionnaires, interviews, observations and action research. Secondary data include    
official statistics, previous research, government reports, diaries, historical data and    
Web information.  (Burnham, 2013)  
There are three commonly acknowledged approaches regarding the method 
used in order to conduct a research: quantitative methods, qualitative methods, and 
mixed methods.  
Quantitative research methods are based upon the collection of data that can 
be quantified and subjected to statistical treatment. Hence the most important 
characteristic of the quantitative research methods is that they are centred around 
numbers. The intent is to use the information gathered in order to establish or confirm 
relationships and to develop generalizations, which will support or refute "alternate 
knowledge claims" (Creswell, 2003). Usual methods of gathering quantitative data 
include the following: 
- Experiments, measurements and trials.  
- Administering surveys (e.g. interviews, telephone or mail questionnaires)  
- Observing and recording (e.g., counting the number of persons 
participating to an event). 
- Obtaining relevant data from management information systems.  
After their selection, the data can be used in a variety of mathematical models. 
That process may include statistical analysis, data analysis and research design. The 
findings from that process can be predictive, explanatory or confirming, depending on 
the nature and the scope of the research. (Williams, 2007) 
Unlike quantitative, the qualitative research methods use textural instead of 
numerical data. They include describing, explaining, and interpreting collected data. 
Qualitative research methods are less structured than quantitative in description, as 
they may formulate and build new theories. Qualitative research can also be described 
as an effective model that occurs in a natural setting, enabling the researcher to 
develop a level of detail from being highly involved in the actual experiences (Creswell, 
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2003).  Regarding data collection, a qualitative research is usually carried out by direct 
interaction with individuals either on a one to one basis or in a group setting. 
According to Creswell (2003 p. 180), the main methods for collecting qualitative data 
are: 
- Individual interviews 
- Observations 
- Documents 
- Audio-visual material 
The mixed methods approach aim to neutralize possible weak points of 
quantitative and qualitative approaches by incorporating methods of collecting or 
analysing data from both, in a single research study. It is mainly an extension of the 
aforementioned approaches rather than a replacement. (Williams 2007) 
3.1.1 Study method and limitations 
As a first step, this study has analyzed the relevant literature, presenting a brief 
description of the EMS in the U.K and U.S. Armed Forces, focusing more on the EMS 
model adopted by the U.S Army. What became clear, is that the general doubt 
regarding the effectiveness of EMSs on environmental performance, certainly applies 
for the Armed Forces as well. Therefore, a quantitative approach was chosen as a 
second step in order to provide numerical data regarding the environmental 
performance of the U.S and U.K. Armed Forces. These two countries were chosen 
because of their active and effective Armed Forces, the leading role in NATO (U.S.) as 
well as being part of EU (U.K).   
The EMSs in these two countries Armed Forces have been adopted (in their 
present form) during the last decade, so the environmental performance indicators 
may provide adequate results. On the other hand, both countries Armed Forces are 
vast organizations operating worldwide, which makes the collection of primary data 
very difficult, due to time, budget as well as confidentiality restraints. Therefore, the 
choices for the study would be either to collect primary data but also narrow its scope 
on a small part of Armed Forces (a camp, a military base or headquarters) or to make a 
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comprehensive study that would be based upon secondary data. In order to avoid 
implications such as possible particularities that would deny a clear picture of the 
environmental performance, or lead to false generalizations, the second option was 
chosen. However, the dependence on secondary data, resulted the quantitative 
analysis to be limited in timeframe and still not to allow for broad generalizations. The 
secondary data concern environmental performance indicators related to three major 
environmental aspects (Waste, emissions and energy) and the sources used include 
official reports of U.S. and U.K defense departments.  
The analysis include examination of the numerical data throughout the 
timeframe, but also correlation with the total number of active personnel, since it is 
considered to be a reliable as well as tangible indicator of operational capacity for both 
U.S. and U.K. Armed Forces. Especially for the U.S , the number of deployed personnel 
in Iraq and Afghanistan during the examined period, is also provided in order to be 
connected with the relevant indicators.    
4. Presentation of research results 
4.1 U.S DoD Environmental Performance 
The research concerning the U.S. DoD Environmental Performance was based 
upon the collection of numerical data for the period from 2005 until 2015, on the 
following environmental indicators: 
-On-Site Releases and Off-Site Transfers of Toxic Chemicals 
- Solid non-Hazardous waste (Diversion and Disposal) 
- Facility Energy Intensity and Consumption 
- GHG emissions 
 The data were collected from open sources containing the following DoD 
annual official reports:  
- Defense Environmental Programs Annual Reports to Congress 
- DoD Strategic Sustainability Performance Plans 
- DoD Annual Energy Management Reports 
The data concerning the above mentioned environmental indicators, as well as 
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correlations with the numbers of the DoD Active duty military personnel for every year 
since 2005, are presented in detail in Annex B. Furthermore, Annex B contains the 
numbers of the DoD deployed personnel in Afghanistan (Operation Enduring Freedom) 
and Iraq (Operation Iraqi Freedom), where the two major ongoing operations of the 
U.S. Armed Forces take place. These depictions allow to make comparisons among 
different year performance, as well as to spot possible connections between the 
environmental indicator’s course and the numbers of active duty and/or deployed 
personnel. Fiscal year 2005, which is when the ISO 14001 standard was adjusted to the 
military particularities and implemented by the majority of military installations, is 
used as a baseline. 
4.1.1  U.S. DoD On-Site Releases and Off-Site Transfers of Toxic Chemicals 
Comparing the amounts of Toxic Chemicals released and/or transferred 
between years 2005 and 2014, a remarkable reduction of 33,4%  can be observed. 
However, the tendency until 2009 had been increasing and the actual prices varied 
significantly from year to year. In relation to the amount of per person Toxic chemicals 
released, we observe a similar trend between the two figures. On the other hand, no 
connection with the change of numbers of personnel deployed in Iraq and 
Afghanistan, can be observed. Therefore, even though the reduction of waste is 
encouraging and suggests that actual progress has been achieved, no safe conclusion 
about the effectiveness of the EMS can be extracted from this particular indicator, nor 
any reliable projection for the future can be made.  
U.S DoD  On-Site Releases and Off-Site Transfers of Toxic Chemicals 
Year 2006 2007 2008 2009 2010 2011 2012 2013 2014 
Toxic Chemicals 
 amount Change 
 from 2005 
18,7% 9,2% 23,5% 13,5% -21,2% -13,9% -38,1% -31,7% -33,4% 
Toxic Chemicals 
 amount per 
person   
Change from 
2005 
19,1% 10,0% 22,4% 11,2% -23,5% -16,0% -38,5% -31,4% -30,9% 
Personnel 
Number 
 Change from 
2005 
-0,3% -0,7% 0,9% 2,1% 3,0% 2,6% 0,7% -0,5% -3,7% 
(Extracted from Table B-2, Annex B) 
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4.1.2  U.S DoD Solid non-Hazardous waste (Diversion and Disposal) 
Concerning the Construction and Demolition (C&D) Debris, the amount of 
yearly waste has been decreasing until 2009, compared to 2005 baseline. From 2010 
until 2014 significant increases are being observed (Chart B-6), most likely as a result of 
the withdraw of units from Iraq as well as reinforcing the forces deployed in 
Afghanistan (Chart B-16), consequence of which is the closure of deployed camps in 
Iraq and unit transfers in Afghanistan. 
  
(Chart B-3 of Annex B)  
 
(Chart B-16, Annex B) 
 However the most encouraging observation of the C&D Debris data is the 
constant increase of the diversion rate, which had been at the level of 70% during 
2005 and reached almost 82% in 2015. Thus, the amount of disposed Debris, hardly 
went above the 2005 levels throughout the whole period, showing a decrease of 47,4% 
for the year 2015. 
 Regarding the Solid non-hazardous waste amounts (not including C&D Debris) 
the collected data depict a clearly positive course. The total amount of waste is 
constantly kept below 2005 baseline and in 2015 the decrease is 35,7%. Furthermore, 
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the diversion rate increases from 35,5% in 2005 up to 46,1% in 2015. As a result, the 
disposed waste amount is reduced to almost half in 2015 compared to 2005. 
 For both the above indicators, the reductions are significantly higher than the 
changes in personnel numbers and therefore the variation of annual amounts of waste 
per person, are very much similar.  
 In conclusion, regarding both types of Solid non-hazardous waste, the 
reduction of waste amount produced, as well as the increase of the diversion rate, 
indicate towards an enhanced environmental performance resulting from effective 
EMS implementation. 
4.1.3  U.S DoD Facility Energy Intensity and Consumption 
The Facility Energy Intensity is a metric, adopted by a large variety of 
organizations worldwide, which measures energy management efficiency. Considering 
that a large number of DoD installations use energy to heat, cool, light, and power 
facilities, as well as to operate equipment, energy management efficiency is a key 
factor for the U.S. Armed Forces. Until 2009 the energy intensity has been increasing 
compared to the 2005 baseline. From 2010 a gradual reduction is observed that 
reaches 9,1% for the year 2015. The reduction is attributed by the DoD, to awareness 
training and advanced metering.  
 
(Chart B-12, Annex B) 
Regarding facility energy consumption the available data cover the period from 
2007 to 2015. Therefore year 2007 is used as a baseline for comparisons with the 
following years. The total amount of energy consumed in DoD facilities, shows an 
increasing tendency until 2010, small enough though to be considered as an effect of 
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the personnel number increase. From 2011, the consumption levels gradually decline 
and for the last three years are kept approximately 11% lower than the 2007 baseline. 
A better picture of the DoD’s performance concerning Energy Consumption, can be 
taken from the yearly Energy Consumption per Person which is kept under the 2007 
baseline levels throughout the whole period until 2015 as shown on the Table B-17 
and Chart B-13 of Annex B . From these depictions, can be concluded that regarding 
facility energy consumption and intensity, environmental performance has been 
improved as a result of EMS effective implementation.  
 U.S. DoD facility energy consumption Changes from 2007 baseline 
Year 2008 2009 2010 2011 2012 2013 2014 2015 
Consumption  Change % 
from 2007 Baseline 
0,6% 1,9% 2,7% -3,9% -8,6% -11,0% -11,5% -9,9% 
Per person consumption 
Change % from 2007 
-1,0% -0,9% -1,0% -6,9% -10,0% -11,2% -8,8% -5,4% 
(Extracted from table B-17 of Annex B)  
 
(Chart B-13 of Annex B) 
4.1.4 U.S. DoD Green House Gas (GHG) Emissions 
The GHG emissions resulted from DoD activities, consist of a variety of gases 
and are measured as carbon dioxide equivalents CO2(e). Therefore, the metric unit 
used is the Metric ton of CO2(e) [(MT CO2(e)]. The DoD GHG categorizes the GHG 
emissions into three types (Scopes). Scope 1 emissions come from sources owned or 
controlled by the DoD, Scope 2 emissions result from the generation of services such 
as electricity, which are purchased by the DoD and Scope 3 emissions are from sources 
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related to, but not owned by the DoD. The exact definitions of scopes are provided in 
Annex B.  
The data collected concern years from 2010 till 2015 as well as year 2008 which 
was used as the baseline. The total GHG emissions are kept below the 2008 level and 
are constantly reduced until 2015, when reduction reaches 10,6%. However, the GHG 
emission reduction for years 2014 and 2015 can be partially attributed to the 
personnel number reduction, as depicted in the table B-8 of Annex B.  Additionally, the 
fact that GHG emissions per person in 2014 and 2015 are higher than two years earlier, 
cannot be attributed to troops transfers from or to the theatres of operations 
(Afghanistan or Iraq), because the large number of personnel engaged had already 
been transferred since 2013. Therefore the performance regarding GHG emissions may 
be considered as a positive evolvement due to the actual GHG emitted amount 
reduction, but not as a strong indication of EMS effectiveness.  
U.S. DoD GHG  emissions 
Year 2010 2011 2012 2013 2014 2015 
Total 1,2&3 Scope GHG emissions 
 % change from 2008 
-0,4% -4,0% -7,2% -9,4% -10,1% -10,6% 
 Total 1,2&3 Scope GHG  emissions 
 per person % change from 2008 
-2,4% -5,6% -7,1% -8,2% -5,9% -4,7% 
% Personnel number Change from 2008 2,1%  1,7% -0,2% -1,4% -4,5% -6,3% 
(Extracted from Table B-8 of Annex B) 
4.2 U.S Army Environmental Performance 
It was considered appropriate to examine solely the environmental 
performance of the U.S. Army in a separate research, because of the Army’s leading 
role among the DoD branches for dealing with environmental issues. The 
environmental indicators selected and analyzed, are the following: 
- Solid Non- hazardous Waste (Diversion and Disposal) 
- Facility energy Intensity 
- Pollutant Emissions from U.S. Army  Stationary Sources 
- Hazardous Emissions from U.S. Army  Stationary Sources 
 The data were collected by open sources, including the following U.S. Army and 
DoD annual official reports: 
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- US ARMY Sustainability Reports 
- Defense Environmental Programs Annual Reports to Congress 
- DoD Annual Energy Management Reports 
 Annex A contains in detail the data concerning the above mentioned 
environmental indicators as well as the numbers of the Army Active duty military 
personnel for every year since 2005. Furthermore the numbers of the Army deployed 
personnel in Afghanistan (OEF5) and Iraq (OIF6) are also contained. These depictions 
allow us to make comparisons between different years, as well as to spot possible 
connections between the environmental indicator’s course and the number of active 
duty and/or deployed personnel. The year 2005 has been used as a baseline, which is 
when the ISO 14001 standard was adjusted to the military particularities and 
implemented by the majority of military installations.   
4.2.1 U.S Army Solid Non-hazardous waste (Diversion and Disposal) 
The collected data extend from 2005 until 2013, as no information had been 
published for years 2014 and 2015 until the time of research (December 2016). 
However the examined nine year period, provides a clear indication for the course that 
the U.S. Army has followed. Compared to 2005 baseline, the total amount of waste has 
increased for years 2006 until 2010.  Afterwards, a significant fluctuation is observed 
until 2013, when a reduction of 7,5% is achieved. However due to the constant 
improvement of the diversion rate, the amount of disposed waste is always kept below 
the 2005 levels and in 2013 a decrease of 37,8% is recorded. 
The increase of the total amount of waste from 2006 until 2010 can be partially 
attributed to the increase of the total active Army personnel number, but mainly to 
the large scale of deployments towards Afghanistan and Iraq during that period. On 
the other hand the increase of the diversion rate throughout the whole period is a 
quite positive indication of environmental performance. Moreover, the fact that the  
improvement of the diversion rate from 45% up to 65%, was achieved mainly during 
                                                        
5
 Operation Enduring Freedom  (OEF) 
6 Operation Iraqi Freedom (OIF) 
 -37- 
the first two years of  EMS implementation (2006-2007), and remained at these levels 
for the next six years despite the increase of active personnel, is a further indication 
for environmental management effectiveness.   
U.S Army Yearly Solid Non- hazardous (Including C & D) Waste 
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Disposed Waste  
Change from 2005  
-18,2% -16,0% -19,5% -21,9% -27,0% -21,0% -21,7% -37,8% 
Disposed Waste  
per person Change 
from 2005  
-20,8% -21,1% -27,4% -30,8% -36,8% -31,6% -30,2% -42,7% 
Total Waste 
Change from 2005  
8,7% 32,2% 5,2% 6,5% 0,9% -5,9% 4,2% -7,5% 
Total Waste per 
person Change 
from 2005  
5,2% 24,2% -5,1% -5,6% -12,6% -18,5% -7,2% -14,8% 
Personnel number 
Change from 2005  
3,4% 6,4% 10,9% 12,9% 15,5% 15,4% 12,2% 8,5% 
Diversion Rate % 45% 59% 65% 58% 60% 61% 54% 59% 63% 
(Extracted from Table A-2, Annex A) 
  
(Chart A-10, Annex A) 
4.2.2 U.S Army Facility Energy Intensity 
Regarding facility energy intensity for the U.S Army, the year 2006 has been 
taken as a baseline and relevant comparisons show a constant reduce which reaches 
16% for 2015, as depicted in the following table and chart. Same as for DoD, the 
reduction is attributed, to awareness training and advanced metering. The constant 
decreasing tendency of the Facility Energy Intensity, indicates towards effective EMS 
implementation. 
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 U.S. Army Facility Energy Intensity Change from 2006 
Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 
% Change -3,3% -5,5% -2,0% -3,7% -9,7% -13,7% -12,2% -13,2% -16,1% 
(Extracted from Table A-3, Annex A) 
 
(Chart A-5, Annex A) 
4.2.3 U.S. Army Stationary Sources Pollutant Air Emissions 
According to criteria established by the DoD, the following gases are defined as 
pollutant:  
- Volatile organic compounds (VOCs)    
- Nitrogen Oxides (NOX) 
- Particulate matter (with two categories: PM10 and PM2.5) 
- Sulfur dioxide (SO2)    
- Carbon Monoxide (CO) 
- Lead   
The data found were from year 2005 until 2012. Having used the year 2005 as a 
baseline, a significant progress becomes obvious from the observation of the data 
published. Therefore, the reduction of pollutant emissions, throughout the 
aforementioned period indicate that EMS had been effectively implemented.   
Pollutant Emissions from U.S. Army  Stationary Sources Changes from 2005 
Year 2006 2007 2008 2009 2010 2011 2012 
Total air pollutant emissions  -44,7% -62,6% -73,4% -73,2% -74,2% -71,9% -77,7% 
Air pollutant emissions per 
 person  
-46,5% -64,9% -76% -76,2% -77,6% -75,7% -80,1% 
(Extracted from Table A-4 of Annex A)  
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
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(Chart  A-6 of Annex A)  
4.2.4  U.S. Army Stationary Sources Hazardous Air Emissions 
 Regarding Hazardous air emissions, the sources used were the same as for 
pollutant non-hazardous air emissions and the data found, cover the same period 
(2005-2012). The U.S. Army has achieved a significant decrease that reaches 72% in 
2012 as depicted in the following Chart and Table. Again the progress made, is a 
strong indication of EMS effectiveness.   
 Hazardous Emissions from U.S. Army  Stationary Sources  
Year 2006 2007 2008 2009 2010 2011 2012 
Hazardous air 
emissions Change 
from 2005 % 
-9,79% -5,28% -25,35% -60,33% -45,60% -49,37% -72,48% 
Hazardous air 
emissions per person 
Change from 2005 % 
-12,72% -11,01% -32,71% -64,85% -52,91% -56,13% -75,48% 
(Extracted from Table A-4 of Annex A) 
 
 
 (Chart  A-7 of Annex A) 
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4.3 U.K. Ministry of Defense (MoD) Environmental Performance   
The research concerning the U.K. MoD Environmental Performance was based 
upon the collection of numerical data for the period from 2009 until 2015, on the 
following environmental indicators: 
- Energy Consumption 
- Solid non-Hazardous waste amount (Recycled and Disposed) 
- Hazardous waste amount 
- GHG  emissions 
Again, the data were collected from open sources including the following  
official reports:  
- Sustainable MoD annual reports 
- U.K. MoD Greening Government Commitments 
- MoD Annual Reports and Accounts 
In Annex C, there are presented in detail all the data concerning the above 
mentioned environmental indicators, as well as the numbers of the DoD Active duty 
military personnel for every year since 2005. 
4.3.1 U.K. Armed Forces Estate energy consumption 
The measurements of energy consumption apply to the 398 core 
establishments which MOD has decided to retain for the long term (as  agreed with the 
Department of Energy and Climate Change) and account for around 80% of MOD’s 
energy consumption.  
The data found, cover the period from 2009 untill 2015. However the 
measurements for 2015 are incomplete and thus comparisons with previous years or 
percentage extractions cannot be performed. 
From the data process of the 2009-2014 period and using 2009 as a baseline, 
the results are rather controversial. Regarding electricity, from 2012 it has been 
exclusively  purchased  from a renewable source. On the other hand, the percentage of 
renewable electricity consumed had been steadily decreasing for 2013 and 2014. 
Total energy consumed shows a constant reduction until 2014, when it was 
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reduced by 21,4% compared to 2009. However, the energy consumed per person 
shows a much smaller reduction. Hence, as depicted in the chart below, the positive 
results concerning lower energy consumption can be attributed rather to the cuts in 
the number of Active Duty Military Personnel, than to the energy management 
efficiency. 
Therefore, due to the controversial results as well as the relatively short 
examined period, the environmental management effectivity concerning this indicator 
must remain under question.     
U.K. Armed Forces  Estate  Energy Consumption   
Year 2009 2010 2011 2012 2013 2014 
NonRenewable Electricity 
Percentage 
33,71% 33,81% 33,98% 0,00% 0,00% 0,00% 
Renewable electricity 
Percentage 
0,47% 0,47% 3,78% 40,71% 36,69% 35,92% 
Gas percentage 57,27% 57,16% 51,74% 47,83% 52,24% 52,98% 
LPG percentage 
 
27,55% 27,74% 26,08% 23,52% 23,49% 16,41% 
Other sources percentage 6,71% 6,69% 8,33% 9,28% 8,96% 9,53% 
TOTAL (000’ KWh) 4.333.898 4.330.224 3.773.828 3.638.953 3.772.989 3.405.114 
% Change from 2009 
 
-0,08% -12,9% -16,0% -12,9% -21,4% 
Consumption per person 
(KWH/person) 
23.018 22.687 20.149 19.985 22.003 21.196 
% Change from 2009 
 
-1,44% -12,47% -13,18% -4,41% -7,92% 
Personnel number 
Change from 2009  
1,4% -0,5% -3,3% -8,9% -14,7% 
(Extracted from Table C-2, Annex C)  
 
(Chart C-4, Annex C) 
4.3.2  U.K. Armed Forces Hazardous waste 
 Data regarding the Hazardous waste for the MoD, cover the period from 2009 
until 2015. However, the volatility of the figure is quite high each year, and cannot be 
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explained by the corresponding changes in personnel number, making this figure quite 
controversial.  
U.K. Armed Forces Yearly Hazardous Waste  
Year 2010 2011 2012 2013 2014 2015 
Hazardous Waste % Change from 2009 -20,64% -60,1% -72,0% 26,1% 33,1% -95,8% 
Hazardous Waste per person   
Change from 2009 
-21,72% -59,9% -71,0% 38,4% 55,9% -94,9% 
Personnel number Change from 2009  1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
(Extracted fromTable C-3, Annex C) 
 
        
(Chart C-5, Annex C) 
4.3.3  U.K. Armed Forces Solid  non-Hazardous waste 
According to Greening Government Commitments 2010-2011 report, the MoD 
had set a goal to reduce total waste amount by 25% against the 2009 baseline until 
March 2015. Due to reducing storage capacity, equipment fleet replacement, base 
closures and the Armed Forces contribution to the 2012 Olympics in London, it has not 
been possible to achieve the target. (MOD Annual Report and Accounts 2012-13 
Sustainability Report). Additionally, the target refers to the total waste without 
distinguishing hazardous and non-hazardous.  
Indeed, the total amount of non-hazardous waste, starts to be reducing only 
after 2012 and reaches 8,72% in 2015. Moreover, especially for years 2014 and 2015 
the reduction of waste amount is smaller than the personnel number reduction and 
thus, the waste per person shows an increase up to 12%.  
Nevertheless, the steady waste amount reduction after 2012 has to be 
considered as a positive indication. More important, the increase of the 
reused/recucled as well as the incinerated with energy recovery waste percentages, 
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allows us to conclude, that the MoD’s effort for an effective waste management  has 
been fruitfull and remains promising for the future. 
U.K. Armed Forces Yearly Solid Non-Hazardous Waste 
Year 2009 2010 2011 2012 2013 2014 2015 
Total  
 Non-Hazardous 
 Waste (tons) 
171.159 178.382 191.333 158.000 137.000 145.000 157.000 
% Change from 2009 
 
4,22% 11,79% -7,69% -19,96% -15,28% -8,27% 
Total Waste (Kg) 
per person 
909 935 1022 868 799 903 1.018 
% Change from 2009 
 
2,81% 12,4% -4,5% -12,1% -0,7% 12,0% 
Personnel number 
Change from 2009  
1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
Landfill waste 
Percentage 
32,07% 26,94% 22,74% 18,35% 25,55% 12,41% 9,55% 
Reused/Recycled  
Percentage 
52,91% 53,14% 63,51% 63,92% 68,61% 68,28% 63,69% 
Composted  
Percentage 
4,81% 5,22% 4,74% 5,06% 0,73% 0,69% 1,91% 
Incinerated with 
energy recovery 
Percentage 
5,68% 10,29% 6,32% 11,39% 3,65% 16,55% 23,57% 
Incinerated without 
energy recovery 
Percentage 
4,53% 4,40% 2,70% 1,27% 1,46% 2,07% 1,27% 
(Extracted from table C-4, Annex C)  
As presented in the charts C-8 and C-9 of Annex C, “Green Management” waste 
reffers to Reused/recycled waste and incinerated with energy recovery waste. “Non-
green Management” waste reffer to lanfill waste and incinerated without energy 
recovery waste.   
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(Chart C-8, Annex C)
 
(Chart C-9, Annex C) 
4.3.4 U.K. Armed Forces GHG emissions 
The U.K. MoD has categorized GHG emissions as Scope 1, 2 and 3. Scope 1 
emissions occur from sources owned or controlled by the MoD, such as a result of 
combustion in boilers or MoD-owned fleet vehicles.  Scope 2 emissions result from 
energy supplied by another party such as electricity supply. Scope 3 relate to official 
business travel directly paid for by MoD. 
Carbon numerical data is symbolized as CO2e and refer to the following 
greenhouse gases: Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide (N2O), Hydro 
fluorocarbons (HFCs) Perfluorocarbons (PFCs) and Sulphur Hexafluoride (SF6). 
U.K. Armed Forces Yearly GHG emissions counted as CO2 equivalent gases (CO2e) 
Year 2010 2011 2012 2013 2014 2015 
Gross emissions scope 1 
Change from 2009 
-1,20% -7,42% -8,22% -7,39% -41,80% -88,03% 
Gross emissions scope 1 per person 
Change from 2009 
-2,54% -6,93% -5,10% 1,68% -31,79% -85,38% 
Gross emissions scope 2 & 3 
Change from 2009 
-1,85% -7,42% -5,02% -21,81% -17,01% -30,64% 
Gross emissions scope 2&3 
per person Change from 2009 
-3,19% -6,93% -1,78% -14,15% -2,74% -15,33% 
Gross emissions scopes 1, 2 & 3 
Change from 2009 
-1,32% -7,42% -7,61% -10,17% -37,02% -76,95% 
Total emissions per person 
Change from 2009 
-2,66% -6,93% -4,46% -1,37% -26,19% -71,86% 
Personnel Number 
Change from 2009 
1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
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(Extracted from Table C-5, Annex C) 
(Chart C-13 of  Annex C) 
Until 2013 GHG emissions per person show very small fluctuations, while very 
significant and promising reductions are being recorded on 2014 and 2015.   
 
5. Discussion 
The examination of the U.S DoD EPIs made clear that its environmental 
performance has been improved. However, only two of the EPIs (Solid non-hazardous 
waste and Energy consumption/intensity), show effective EMS implementation. The 
U.S. Army has made significant progress regarding environmental performance as 
shown by the examination of all four EPIs. The strongest indications come from the 
decrease of Air emissions (hazardous and non-hazardous) as well as the decrease of 
Solid non-Hazardous waste combined with its improved diversion rate. Regarding U.K. 
MoD two out of four EPIs, show effective EMS implementation (Solid non-Hazardous 
waste and GHG emissions). Energy consumption showed that even though important 
steps ahead have been made, such as the exclusive use of electricity from renewable 
sources, the performance remains under question. As for Hazardous waste,  the results 
cannot allow any conclusions.  
As mentioned in Chapter 2, one of the fundamental differences between 
private companies and public sector organizations, is that the latter produce mainly 
services instead of products. For the defense sector the services produced are national 
security, conflict deterrence and regional political stability. In private sector almost 
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every factor can be measured and translated in monetary values, therefore a cost-
benefit analysis may define whether a company is on the right path or not and 
probably even indicate necessary corrective actions. In the defense sector the product, 
though of high importance, is intangible. Therefore, a comprehensive cost-benefit 
analysis of a military activity is very difficult to be achieved and certainly mathematics 
is not enough for it. For example, how could anyone assess the cost of Falkland War 
for UK and define the marginal cost, over which the victory would be considered as too 
expensive to be worthy?  And questions like that apply not only for the economic but 
for the social and environmental dimension as well.   
 During the review of the various annual official reports of the U.S. DoD and U.K 
Mod, became clear the size of effort on behalf of the aforementioned departments, to 
enhance their public image through these publications. That kind of effort is quite 
understandable and can be more or less expected by any corporation that publishes 
sustainability reports, worldwide. What differentiates armed forces from other parts of 
the public sector, derives from leadership principles and has to do with the personnel’s 
morale which is considered as an Armed forces multiplier of power. Because for 
persons assigned to protect motherland, the idea of ruining it themselves might have a 
devastating effect on their morale. Therefore, public image enhancement is more 
importance for Armed Forces than for any other organization, public or private. For 
example, the U.S. Army’s direction to engage in the EMS process as many persons as 
possible, clearly enhances the personnel’s morale as well. Thinking one step ahead, 
can be assumed that throughout years of EMS implementation, the awareness training 
promotes the environmental concern of a big proportion of the personnel. As the 
personal concern of individuals about the environment grows, so does the interest of 
defense organizations to improve their environmental profile. That way a virtuous 
circle is formed, which may have positive outcome in the long run. 
 On the other hand, regarding the reporting of environmental performance as 
part of the effort to enhance the public image, the annual reports mainly focus at 
providing data about specific goals set in order to underline their progress. However, 
long term performance becomes difficult to evaluate as environmental performance 
indicators presented, change through the years along with the goals. For example, the 
 -47- 
U.S. DoD did not include in its reports any data about Facility Energy Consumption 
before 2007 and the U.S. Army stopped publishing data regarding Pollutant Emissions 
from Stationary Sources after 2012.  
 In conclusion, future studies may find interesting field of research on three 
sectors. First, quantitative analyses of environmental performance indicators other 
than the ones examined in this study. Second, qualitative approaches focusing on the 
environmental awareness of the military personnel as a result of involvement in EMS 
implementation. Third, mixed approaches aiming to appreciate the costs as well as 
benefits resulting from EMS implementation by Armed Forces, from the economic, 
social and operational point of view.   
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6. Conclusions  
Regarding the overall EPI examination for all three organizations, even though 
certain indicators did not reach the desired targets, important progress has been 
achieved as a result of EMS implementation. 
The US Army has developed an EMS aiming at enhancing both environmental 
performance and operational capacity. The design of the EMS took under 
consideration the internal characteristics of the Army as an organization. These are, 
the nature of the Army’s mission, the size of land involved, the number of personnel, 
the personnel’s administration structure (which is based upon discipline) and the 
variety of the personnel’s background (social and educational). Hence, the U.S Army 
EMS has extracted sections from the ISO 14001 edition, but has gone deeper in details 
in order to make it easier for the military personnel to follow. The structure and spirit 
of the US Army EMS Implementer’s guide, are very similar to a variety of military 
handbooks describing joint operational planning processes and Military commander’s 
assessment-planning and executing. The EMS established is fully compatible with ISO 
14001 standards but also adjusted to the Army’s special needs. Since the primary goal 
for the DoD is to preserve the natural resources of the land owned, it has orientated 
the EMS implementation to be tailored having the military installations as an 
epicenter.  
Furthermore the sequence of events as well as the command relations have 
been clearly defined from the beginning of the EMS initiation process. That way, the 
chain of command in the army administration structure may act as a catalyst at all 
stages of the EMS implementation. A very interesting point about the philosophy of 
the US Army’s EMS is the effort to achieve a balance between the establishment of 
strict procedures (containing detailed records, measurable indicators, specific targets 
and deadlines) on one hand and encouraging Commander’s initiative based upon their 
personal judgement and intuition on the other.  
Regarding the U.S. Armed Forces EMS model, the adoption of ISO 14001 which 
is the dominant Standardization System in the market, provides several extra 
advantages for them. For example, the US Armed Forces count very much on 
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personnel that come from reserves with short term contracts. Additionally, as part of 
the DoD support for military personnel, working experience for post-military life is 
offered systematically. Therefore adopting a system that most civilian corporations 
follow, has two extra advantages. Personnel coming from reserves are most likely 
familiarized with ISO standards from their previous working experience and on the 
other hand it is a chance for military personnel to gain professional experience, useful 
for their own after-military career. 
A common ground, spotted at a variety of sources used in the literature review 
is the comparative character of EMSs adopted by various countries Armed Forces, 
strictly from the environmental effectiveness point of view. However if one parallelizes 
the fundamental idea of sustainability (i.e. to have all three pillars developed in order 
to sustain environmental efforts) to the EMS implementation in the military sector, 
becomes clear that all actions towards environmental performance enhancement, 
should be directly connected to economic cost reduction as well as operational 
capacity improvement of the Armed Forces. Because same way as Third World 
countries rejected the ecological movement in 1972 because of its economic cost7, 
systemic reactions within Armed Forces might occur in case of implementing 
environmental enhancement actions that undermine or just do not support 
operational capacity. 
EMS implementation by Armed Forces takes place at military facilities (i.e. 
camps, bases etc) where the general directions are adjusted to the respective 
particularities. However the literature review pointed out that there had been cases 
when environmental actions simply shifted the problem from one place to another. 
Therefore, this study focused on a comprehensive approach of the environmental 
impact changes in the defense sector as a result of EMS implementation. The two 
western countries (USA and UK) chosen, share fundamental similarities regarding their 
                                                        
7
  1972 Stockholm: During the United Nations Conference on the Human Environment, where 
the Indian Prime Minister Indira Gandhi brought forward the connection between ecological 
management and poverty alleviation. 
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Armed Forces operational concept and environmental policy.  Both countries are NATO 
member-states (with the USA having the leading role) and after the end of the Cold 
War the risk of being invaded by external Forces is significantly mitigated. Therefore 
their Armed Forces mission concern the protection of their interests overseas. 
Operations against international terrorism and preventive actions are the dominant 
types of operations conducted for the last 25 years. The Armed Forces have been 
adjusted to that modus operandi which allows time for preparation at a relatively low 
status of readiness. On the other hand, it requires to operate at places with different 
climate characteristics and in long distances from the replenish bases. Consequently, 
the operational cost - referring to all three dimensions i.e. economic, environmental 
and social - depends largely at factors (What, when, where and how) directly 
connected to the ongoing military operations at the time.  
The adopted EMSs by U.S and U.K. have proved to be beneficial for their Armed 
Forces. Nevertheless, an important point of attention regarding the EMS 
implementation by other countries, has to be noted. In countries with different 
defense priorities, such as Greece or Israel, where high readiness to defend territorial 
integrity is above all other assignments, their Armed Forces have adopted a  different 
modus operandi than U.K. and U.S. Especially for Greece, a NATO member-state that 
follows the NATO directives, the lessons learned from U.S. and U.K. EMS 
implementation may provide valuable guidance but also need to be thoroughly 
examined and adjusted to the Greek specific circumstances, before being adopted by 
the Greek Armed Forces.    
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ANNEX A 
Environmental Performance Indicators for the United States Army 
1. U.S. Army  Total Strength of Active Duty Military Personnel1 
 Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Personnel Number 486.483 502.790 517.783 539.675 549.015 561.979 561.473 546.057 528.070 504.330 517.052 
% Change from 2005   3,4% 6,4% 10,9% 12,9% 15,5% 15,4% 12,2% 8,5% 3,7% 6,3% 
Table A-1 
 
Chart A-1 
                                                             
1 SOURCE: Statistic Portal, https://www.statista.com/statistics/232339/us-army-personnel-numbers/   Accessed: 20 Dec 2016  
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2. U.S Army Yearly Solid Non- hazardous (Including Construction & Demolition Debris) Waste  
Year 20052 20062 20072 20082 20093 20103 20113 20124 20134 
Diverted waste (tons) 973.309 1.371.655 1.848.945 1.313.130 1.368.000 1.307.689 1.092.033 1.315.700 1.253.770 
% Change from 2005 
 
40,9% 90,0% 34,9% 40,6% 34,4% 12,2% 35,2% 28,8% 
Disposed Waste  (tons) 1.167.222 954.924 980.306 939.522 912.000 852.459 922.042 914.300 726.230 
% Change from 2005 
 
-18,2% -16,0% -19,5% -21,9% -27,0% -21,0% -21,7% -37,8% 
Total Waste (tons) 2.140.531 2.326.579 2.829.251 2.252.652 2.280.000 2.160.148 2.014.075 2.230.000 1.980.000 
% Change from 2005 
 
8,7% 32,2% 5,2% 6,5% 0,9% -5,9% 4,2% -7,5% 
Diversion Rate % 45% 59% 65% 58% 60% 61% 54% 59% 63% 
Diverted Waste per person (tons/person) 2,001 2,728 3,571 2,433 2,492 2,327 1,945 2,409 2,374 
% Change from 2005   36,4% 78,5% 21,6% 24,5% 16,3% -2,8% 20,4% 18,7% 
Disposed Waste per person (tons/person) 2,399 1,899 1,893 1,741 1,661 1,517 1,642 1,674 1,375 
% Change from 2005   -20,8% -21,1% -27,4% -30,8% -36,8% -31,6% -30,2% -42,7% 
Total Waste per person (tons/person) 4,400 4,627 5,464 4,174 4,153 3,844 3,587 4,084 3,750 
% Change from 2005   5,2% 24,2% -5,1% -5,6% -12,6% -18,5% -7,2% -14,8% 
% Personnel number Change from 2005   3,4% 6,4% 10,9% 12,9% 15,5% 15,4% 12,2% 8,5% 
Table A-2 
 
 
                                                             
2 SOURCE:Defense Environmental Programs Annual Report to Congress 2008. Appendix W. p. W-5 http://www.denix.osd.mil/arc/arcfy2008/  Accessed 28 Dec 2016. 
3 SOURCE: US ARMY Sustainability Report 2012, p. 19. http://www.asaie.army.mil/Public/ES/netzero/docs/FY%2014%20Sustainability%20Report.pdf Accessed 26 Dec 16. 
4 SOURCE: US ARMY Sustainability Report 2014, GRI ANNEX, p.A-21. https://www.army.mil/e2/c/downloads/367150.pdf Accessed 27 Dec 2016. 
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3. U.S Army Yearly Facility energy Intensity (Btu/ Gross Square Footage) 
U.S. Army Facility energy Intensity 
Year 20065 20076 20085 20095 20107 20117 20127 20137 20147 20158 
Btu/Gsf 94.984 91.873 89.802 93.051 91.499 85.739 82.002 83.432 82.463 79.709 
% Change from 2006 
 
-3,3% -5,5% -2,0% -3,7% -9,7% -13,7% -12,2% -13,2% -16,1% 
Table A-3 
 
Chart A-5 
                                                             
5 SOURCE: US Army Sustainability Report Fiscal Year 2010. p.38. https://www.army.mil/article/66708/Army_Sustainability_Report_2010_published  Accessed 20 Dec 2016  
6 SOURCE: DoD Annual Energy Management Report FY 2007. p.22  http://www.acq.osd.mil/eie/Downloads/IE/FY 2007 AEMR.pdf  Accessed 27 Dec 2016 
7 SOURCE: DoD Annual Energy Management Report FY 2014. p.21 www.acq.osd.mil/eie/Downloads/IE/FY%202014%20AEMR.pdf Accessed 22 Dec 2016. 
8 SOURCE: DoD Annual Energy Management Report FY 2015. p.21 http://www.acq.osd.mil/eie/Downloads/IE/FY%202015%20AEMR.pdf Accessed 29 Dec 2016. 
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4. DoD Criteria Pollutant Emissions from U.S. Army  Stationary Sources  
 
DoD Criteria Pollutant Emissions from U.S. Army  Stationary Sources (Tons) 
Year 20059 200610 200710 200811 200911 201012 201113 201213 
Volatile organic compounds (VOCs)   Tons 5.295,47 6.619 4.719 3.926 3.185 3.488 2.915 2.872 
Nitrogen Oxides (NOX) Tons 5.652,46 4.937 4.998 3.750 3.596 3.630 3.781 3.324 
Particulate matter (PM10)  Tons 42215,2 11.514 3.268 3.061 2.973 1.442 2.782 1.376 
Particulate matter (PM2.5) Tons 0.0 551 440 383 328 977 526 352 
Sulfur dioxide (SO2)   Tons 9.184,69 8.199 7.310 5.294 6.374 6.055 6.493 5.349 
Carbon Monoxide (CO)    Tons 5.133,43 5.474 4.489 1.529 1.606 1.804 2.419 1.758 
Lead  Tons 18,86 9 8 12,49 13,38 13 16 6,39 
Total air pollutant emissions (Tons) 67.500,1 37.303,0 25.232,0 17.955,5 18.075,4 17.409,0 18.932,0 15.037,4 
Change from 2005 % 
 
-44,74% -62,62% -73,40% -73,22% -74,21% -71,95% -77,72% 
Air pollutant emissions per person (kg/person) 138,75 74,19 48,73 33,27 32,92 30,98 33,72 27,54 
Change from 2005 % 
 
-46,53% -64,88% -76,02% -76,27% -77,67% -75,70% -80,15% 
Hazardous Air  Emissions (Tons) 1.086,38 980 1029 811 431 591 550 299 
Change from 2005 % 
 
-9,79% -5,28% -25,35% -60,33% -45,60% -49,37% -72,48% 
Hazardous air emissions per person (kg/person) 2,233 1,949 1,987 1,503 0,785 1,052 0,980 0,548 
Change from 2005 % 
 
-12,72% -11,01% -32,71% -64,85% -52,91% -56,13% -75,48% 
Table A-4 
                                                             
9 SOURCE: Defense Environmental Programs Annual Report to Congress 2006. App S. p.S-1. http://www.denix.osd.mil/arc/arcfy2006/ Accessed 27 Dec 2016. 
10 SOURCE: Defense Environmental Programs Annual Report to Congress 2008. App S. p.S-2. http://www.denix.osd.mil/arc/arcfy2008/  Accessed 28 Dec 2016.  
11 SOURCE: Defense Environmental Programs Annual Report to Congress 2010.App.D. p. 41 , http://www.denix.osd.mil/arc/arcfy2010/  .Accessed 29 Dec 2016 
12 SOURCE: US ARMY Sustainability Report 2012, p. 85. http://www.asaie.army.mil/Public/ES/netzero/docs/FY%2014%20Sustainability%20Report.pdf Accessed 26 Dec 16 
13 SOURCE: US ARMY Sustainability Report 2014 GRI ANNEX, p.A-21. https://www.army.mil/e2/c/downloads/367150.pdf Accessed 27 Dec 2016. 
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5. U.S. Army Deployed personnel in Afghanistan and Iraq14  
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
OEF15 Deployed Army 
personnel  number 
21.210 34.938 60.465 66.378 101.307 117.649 170.919 160.373 66.272 43.994 13.528 
OIF
16
 Deployed Army 
personnel number 
124.043 203.332 239.077 267.693 216.697 176.897 90.613 14.234 1.813 1.513 4.763 
Total Deployed Army 
personnel  number 
145.253 238.270 299.542 334.071 318.004 294.546 261.532 174.607 68.085 45.507 18.291 
Table A-5 
 
Chart A-10 
                                                             
14 SOURCE: https://www.dmdc.osd.mil/appj/dwp/dwp_reports.jsp  Accessed: Jan 15 2017. 
15 Operation Enduring Freedom (Afghanistan) 
16 Operation Iraqi Freedom (Iraq) 
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ANNEX B 
Environmental Performance Indicators for United States Department of Defense 
1. U.S. DoD  Total Strength of Active Duty Military Personnel1 
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Personnel 
Number 
1.389.394 1.384.968 1.379.551 1.401.757 1.418.542 1.430.985 1.425.113 1.399.622 1.382.684 1.338.487 1.313.940 
% Change from 
2005 
  -0,3% -0,7% 0,9% 2,1% 3,0% 2,6% 0,7% -0,5% -3,7% -5,4% 
Table B-1 
 
Chart B-1 
                                                             
1 SOURCE:DoD Personnel, Workforce Reports & Publications. https://www.dmdc.osd.mil/appj/dwp/dwp_reports.jsp Accessed 07 Jan 2017. 
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2. U.S DoD Yearly On-Site Releases and Off-Site Transfers of Toxic Chemicals 
Year 20052 20062 20073 20084 20095 20106 20116 20126 20136 20146 
Toxic Chemicals 
amount (pounds) 
25.632.409 30.425.596 28.001.968 31.655.544 29.091.006 20.198.710 22.073.843 15.869.588 17.506.428 17.063.611 
Change from 2005   18,7% 9,2% 23,5% 13,5% -21,2% -13,9% -38,1% -31,7% -33,4% 
Toxic Chemicals 
amount per 
person  
(pounds/person) 
18,449 21,968 20,298 22,583 20,508 14,115 15,489 11,338 12,661 12,748 
Change from 2005   19,1% 10,0% 22,4% 11,2% -23,5% -16,0% -38,5% -31,4% -30,9% 
Personnel number 
Change from 2005 
  -0,3% -0,7% 0,9% 2,1% 3,0% 2,6% 0,7% -0,5% -3,7% 
Table B-2 
                                                             
2 SOURCE: Defense Environmental Programs Annual Report to Congress 2007. App Y. p.Y-4, http://www.denix.osd.mil/arc/arcfy2007/ Accessed 27 Dec 2016 
3 SOURCE: Defense Environmental Programs Annual Report to Congress 2008. App Y. p.Y-3, http://www.denix.osd.mil/arc/arcfy2008/  Accessed 28 Dec 2016 
4 SOURCE: Defense Environmental Programs Annual Report to Congress 2009. Ch.7. p.53, http://www.denix.osd.mil/arc/arcfy2009/ Accessed 29 Dec 2016 
5 SOURCE: Defense Environmental Programs Annual Report to Congress 2010. Ch.5. p.38, http://www.denix.osd.mil/arc/arcfy2010/ Accessed 29 Dec 2016 
6 SOURCE: DoD Strategic Sustainability Performance Plan FY 2016. P.A-4 http://www.denix.osd.mil/sustainability/dod-sspp/ .Accessed 3 Jan 2017         
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3. U.S Department of Defence Yearly Solid non-Hazardous waste 
3.1 Construction and Demolition (C&D) Debris 
Year 20057 20067 20077 20087 20097 20108 20119 20129 20139 20149 20159 
Diverted waste (millions tons) 2,7 2,7 2,5 3,0 2,0 2,98 3,195 3,645 2,293 4,658 2,851 
% Change from 2005 
 
0,0% -7,4% 11,1% -25,9% 10,4% 18,3% 35,0% -15,1% 72,5% 5,6% 
Disposed Waste (millions tons) 1,2 0,9 0,9 0,9 1,1 1,13 0,945 1,277 0,852 1,039 0,631 
% Change from 2005 
 
-25,0% -25,0% -25,0% -8,3% -5,8% -21,3% 6,4% -29,0% -13,4% -47,4% 
Total Waste (millions tons) 3,9 3,6 3,4 3,9 3,1 4,11 4,14 4,922 3,145 5,697 3,482 
% Change from 2005 
 
-7,7% -12,8% 0,0% -20,5% 5,4% 6,2% 26,2% -19,4% 46,1% -10,7% 
Diversion Rate % 69,23% 75,00% 73,53% 76,92% 64,52% 72,51% 77,17% 74,06% 72,91% 81,76% 81,88% 
Diverted Waste per person (tons/person) 1,943 1,950 1,812 2,140 1,410 2,082 2,242 2,604 1,658 3,480 2,170 
% Change from 2005 
 
0,3% -6,7% 10,1% -27,4% 7,2% 15,4% 34,0% -14,7% 79,1% 11,7% 
Disposed Waste per person (tons/person) 0,864 0,650 0,652 0,642 0,775 0,790 0,663 0,912 0,616 0,776 0,480 
% Change from 2005 
 
-24,8% -24,5% -25,7% -10,2% -8,6% -23,2% 5,6% -28,7% -10,1% -44,4% 
Total Waste per person (tons/person) 2,807 2,599 2,465 2,782 2,185 2,872 2,905 3,517 2,275 4,256 2,650 
% Change from 2005 
 
-7,4% -12,2% -0,9% -22,1% 2,3% 3,5% 25,3% -19,0% 51,6% -5,6% 
% Personnel number Change from 2005 
 
-0,3% -0,7% 0,9% 2,1% 3,0% 2,6% 0,7% -0,5% -3,7% -5,4% 
Table B-3 
                                                             
7 SOURCE: Defense Environmental Programs Annual Report to Congress 2009. Ch 7. p. 46 http://www.denix.osd.mil/arc/arcfy2009/ .Accessed 29 Dec 2016 
8 SOURCE: Defense Environmental Programs Annual Report to Congress 2010. Ch.5. p. 35 , http://www.denix.osd.mil/arc/arcfy2010/  .Accessed 29 Dec 2016 
9 SOURCE: DoD Strategic Sustainability Performance Plan FY 2016. P.A-4 http://www.denix.osd.mil/sustainability/dod-sspp/ . Accessed 3 Jan 2017         
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3.2  Solid Non-Hazardous Waste  (C&D Debris not included) 
Year 200510 200610 200710 200810 200910 201011 201112 201212 201312 201412 201512 
Diverted waste (millions tons) 1,1 1,1 1 0,9 0,9 0,777 0,909 1,048 0,872 0,875 0,920 
% Change from 2005 
 
0,0% -9,1% -18,2% -18,2% -29,4% -17,4% -4,7% -20,7% -20,5% -16,4% 
Disposed waste (millions tons) 2 1,6 1,4 1,3 1,3 1,237 1,336 1,096 1,029 1,014 1,074 
% Change from 2005 
 
-20,0% -30,0% -35,0% -35,0% -38,2% -33,2% -45,2% -48,6% -49,3% -46,3% 
Total Waste (millions tons) 3,1 2,7 2,4 2,2 2,2 2,014 2,245 2,144 1,901 1,889 1,994 
% Change from 2005 
 
-12,9% -22,6% -29,0% -29,0% -35,0% -27,6% -30,8% -38,7% -39,1% -35,7% 
Diversion Rate % 35,5 40,7 41,7 40,9 40,9 38,6 40,5 48,9 45,9 46,3 46,1 
Diverted waste per person (tons/person) 0,79 0,79 0,72 0,64 0,63 0,54 0,64 0,75 0,63 0,65 0,70 
% Change from 2005 
 
0,3% -8,4% -18,9% -19,9% -31,4% -19,4% -5,4% -20,3% -17,4% -11,6% 
Disposed waste per person (tons/person) 1,439 1,155 1,015 0,927 0,916 0,864 0,937 0,783 0,744 0,758 0,817 
% Change from 2005 
 
-19,7% -29,5% -35,6% -36,3% -39,9% -34,9% -45,6% -48,3% -47,4% -43,2% 
Total Waste per person (tons/person) 2,231 1,950 1,740 1,569 1,551 1,407 1,575 1,532 1,375 1,411 1,518 
% Change from 2005 
 
-12,6% -22,0% -29,7% -30,5% -36,9% -29,4% -31,3% -38,4% -36,7% -32,0% 
% Personnel number Change from 2005 
 
-0,3% -0,7% 0,9% 2,1% 3,0% 2,6% 0,7% -0,5% -3,7% -5,4% 
Table B-4 
                                                             
10 SOURCE: Defense Environmental Programs Annual Report to Congress 2009. Ch. 7. p. 46 http://www.denix.osd.mil/arc/arcfy2009/ .Accessed 29 Dec 2016 
11 SOURCE: Defense Environmental Programs Annual Report to Congress 2010. Ch.5. p. 35 , http://www.denix.osd.mil/arc/arcfy2010/  .Accessed 29 Dec 2016 
12 SOURCE: DoD Strategic Sustainability Performance Plan FY 2016. p.A-4 http://www.denix.osd.mil/sustainability/dod-sspp/ . Accessed 29 Dec 2016         
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4.3 Solid Non-Hazardous Waste (including C&D Debris)  
Year 200513 200613 200713 200813 200913 201014 201115 201215 201315 201415 201515 
Diverted waste (millions tons) 3,8 3,8 3,5 3,9 2,9 3,757 4,104 4,693 3,165 5,533 3,771 
% Change from 2005 
 
0,0% -7,9% 2,6% -23,7% -1,1% 8,0% 23,5% -16,7% 45,6% -0,8% 
Disposed Waste (millions tons) 3,2 2,5 2,3 2,2 2,4 2,367 2,281 2,373 1,881 2,053 1,705 
% Change from 2005 
 
-21,9% -28,1% -31,3% -25,0% -26,0% -28,7% -25,8% -41,2% -35,8% -46,7% 
Total Waste (millions tons) 7 6,3 5,8 6,1 5,3 6,124 6,385 7,066 5,046 7,586 5,476 
% Change from 2005 
 
-10,0% -17,1% -12,9% -24,3% -12,5% -8,8% 0,9% -27,9% 8,4% -21,8% 
Diversion Rate % 54,29% 60,32% 60,34% 63,93% 54,72% 61,35% 64,28% 66,42% 62,72% 72,94% 68,86% 
Diverted waste per person (tons/person) 2,74 2,74 2,54 2,78 2,04 2,63 2,88 3,35 2,29 4,13 2,87 
% Change from 2005 
 
0% -7,2% 1,7% -25,3% -4,0% 5,3% 22,6% -16,3% 51,1% 4,9% 
Disposed Waste per person (tons/person) 2,303 1,805 1,667 1,569 1,692 1,654 1,601 1,695 1,360 1,534 1,298 
% Change from 2005 
 
-21,6% -27,6% -31,9% -26,5% -28,2% -30,5% -26,4% -40,9% -33,4% -43,7% 
Total Waste per person (tons/person) 5,038 4,549 4,204 4,352 3,736 4,280 4,480 5,049 3,649 5,668 4,168 
% Change from 2005 
 
-9,7% -16,6% -13,6% -25,8% -15,1% -11,1% 0,2% -27,6% 12,5% -17,3% 
% Personnel number Change from 2005 
 
-0,3% -0,7% 0,9% 2,1% 3,0% 2,6% 0,7% -0,5% -3,7% -5,4% 
Table B-5 
                                                             
13 SOURCE: Defense Environmental Programs Annual Report to Congress 2009. Ch 7. p. 46 http://www.denix.osd.mil/arc/arcfy2009/ .Accessed 29 Dec 2016 
14 SOURCE: Defense Environmental Programs Annual Report to Congress 2010. Ch.5. p. 35 , http://www.denix.osd.mil/arc/arcfy2010/  .Accessed 29 Dec 2016 
15 SOURCE: DoD Strategic Sustainability Performance Plan FY 2016. p.A-4 http://www.denix.osd.mil/sustainability/dod-sspp/ . Accessed 3 Jan 2017         
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4.  U.S Department of Defence Yearly Facility Energy 
4.1 Facility Energy Intensity (Btu/ Gross Square Footage) 
Year 200516 200617 200718 200818 200918 201018 201118 201218 201318 201418 201519 
Btu/Gsf 103.372 107.213 104.416 103.692 104.527 102.929 100.268 96.596 97.149 96.648 93.963 
% Change from 
2005 
  3,7% 1,0% 0,3% 1,1% -0,4% -3,0% -6,6% -6,0% -6,5% -9,1% 
Table B-6 
 
Chart B-12 
                                                             
16 SOURCE: DoD Annual Energy Management Report FY 2006. p.19  http://www.acq.osd.mil/eie/Downloads/IE/FY%202006%20AEMR.pdf , Accessed 29 Dec 2016. 
17 SOURCE: DoD Annual Energy Management Report FY 2007. p.22  http://www.acq.osd.mil/eie/Downloads/IE/FY 2007 AEMR.pdf , Accessed 27 Dec 2016. 
18 SOURCE: DoD Annual Energy Management Report FY 2014. p.21.  www.acq.osd.mil/eie/Downloads/IE/FY%202014%20AEMR.pdf , Accessed 22 Dec 2016 
19 SOURCE: DoD Annual Energy Management Report FY 2015. p.21 http://www.acq.osd.mil/eie/Downloads/IE/FY 2015 AEMR.pdf , Accessed 29 Dec 2016. 
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4.2 Facility Energy Consumption  
Year 200720 200821 200921 201022 201120 201222 201322 201422 201522 
Total Facility Consumption (Billion BTUs) 205.120 206.415 209.100 210.691 197.212 187.397 182.576 181.463 184.836 
% Change from 2007 Baseline  0,6% 1,9% 2,7% -3,9% -8,6% -11,0% -11,5% -9,9% 
Consumption per person (million BTUs per person) 148,686 147,254 147,405 147,235 138,383 133,891 132,045 135,573 140,673 
% Change from 2007 Baseline  -1,0% -0,9% -1,0% -6,9% -10,0% -11,2% -8,8% -5,4% 
% Personnel number Change from 2007   1,6% 2,8% 3,7% 3,3% 1,5% 0,2% -3,0% -4,8% 
Table B-7 
 
Chart B-13 
                                                             
20 SOURCE: DoD Annual Energy Management Report FY 2011, p. 16,  www.acq.osd.mil/eie/Downloads/IE/FY%202011%20AEMR.pdf  Accessed 28 Dec 2016. 
21 SOURCE: DoD Annual Energy Management Report FY 2009, p. 3  www.acq.osd.mil/eie/Downloads/IE/FY%202009%20AEMR.pdf  Accesses 28 Dec 2016. 
22 SOURCE: DoD Strategic Sustainability Performance Plan FY 2016. p.A-3 http://www.denix.osd.mil/sustainability/dod-sspp/ Accessed 3 Jan 2017.  
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5. U.S. DoD Yearly GHG  emissions  in MT of CO2 equivalent gases (CO2 MTCO2e) 
 U.S. DoD Yearly GHG  emissions  in MT of CO2 equivalent gases (CO2 MTCO2e) 
 Year 200823 2009 201024 201124 201224 201324 201423 201525 
Scope 1&2 GHG emissions MTCO2e  26.855.109 NR 27.012.000 25.681.000 24.387.000 24.099.000 23.820.379 23.649.256 
% change from 2008     0,6% -4,4% -9,2% -10,3% -11,3% -11,9% 
Scope 3 GHG emissions MTCO2e  7.634.147 NR 7.355.000 7.413.000 7.605.000 7.132.000 7.175.497 7.170.605 
% change from 2008     -3,7% -2,9% -0,4% -6,6% -6,0% -6,1% 
Scope 1,2&3 GHG emissions MTCO2e 34.489.256 NR 34.367.000 33.094.000 31.992.000 31.231.000 30.995.876 30.819.861 
% change from 2008     -0,4% -4,0% -7,2% -9,4% -10,1% -10,6% 
GHG  emissions per person (MT/person) 24,604 NR 24,016 23,222 22,858 22,587 23,157 23,456 
% change from 2008   NR -2,4% -5,6% -7,1% -8,2% -5,9% -4,7% 
% Personnel number Change from 2008    2,1% 1,7% -0,2% -1,4% -4,5% -6,3% 
Table B-8 
Definition of emission Scopes  
“Scope 1- Direct emissions from sources that are owned or controlled by DoD, including fossil fuel combustion from stationary 
and mobile sources, processes that emit GHGs, and fugitive emissions (such as leaks)..   
Scope 2 – Emissions resulting from the generation of electricity, heat, or steam purchased by DoD.  
Scope 3 ‐ Emissions that result from DoD activities but are from sources not owned or directly controlled by DoD.”26 
                                                             
23 SOURCE:DoD Annual Energy Management Report FY 2014, p. D-2 www.acq.osd.mil/eie/Downloads/IE/FY%202014%20AEMR.pdf  Accessed 22 Dec 2016 
24 SOURCE: DoD Strategic Sustainability Performance Plan FY 2016, p.A-3. 3 http://www.denix.osd.mil/sustainability/dod-sspp/ . Accessed 3 Jan 2017 
25 SOURCE: DoD Annual Energy Management Report FY 2015, p. D-1 http://www.acq.osd.mil/eie/Downloads/IE/FY 2015 AEMR.pdf , Accessed 29 Dec 2016.  
26 SOURCE: DoD Strategic Sustainability Performance Plan FY 2010, p. I-12. http://www.denix.osd.mil/sustainability/dod-sspp/ Accessed 4 Jan 2017   
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6. U.S. DoD Deployed personnel in Afghanistan and Iraq27 
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
OEF
28
 Deployed DoD 
personnel  number 
35.097 49.557 71.301 87.690 122.415 194.303 237.832 222.599 99.235 64.191 18.719 
OIF
29
 Deployed DoD 
personnel  number 
240062 335.289 360.249 384.670 310.340 248.877 132.578 15.252 2.173 1.850 6.744 
Total Deployed DoD 
personnel  number 
275.159 384.846 431.550 472.360 432.755 443.180 370.410 237.851 101.408 66.041 25.463 
Table B-9 
 
Chart B-16 
                                                             
27 SOURCE: https://www.dmdc.osd.mil/appj/dwp/dwp_reports.jsp  Accessed: Jan 15 2017. 
28 Operation Enduring Freedom (Afghanistan) 
29 Operation Iraqi Freedom (Iraq) 
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ANNEX C 
Environmental Indicators for the United Kingdom Ministry of Defence 
1. U.K. Armed Forces Total Strength of Active Duty Military Personnel1 
U.K. MoD  Total Strength of Active Duty Military Personnel 
Year 2009 2010 2011 2012 2013 2014 2015 
Personnel 
Number 
188.280 190.870 187.300 182.080 171.480 160.650 154.220 
% Change from 
2009 
  1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
Table C-1 
 
Chart  C-1 
                                                             
1 SOURCE: https://www.gov.uk/government/statistics/uk-armed-forces-monthly-service-personnel-statistics. Accessed  2 Jan 2017 
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2.  U.K. Armed Forces Estate Energy Consumption  
U.K. Armed Forces  Estate  Energy Consumption   
Year 2009
2
 2010
2
 2011
2
 2012
2
 2013
2
 2014
3
 2015
4
 
Electricity: NonRenewable(000’ KWh) 1.460.770 1.464.106 1.282.421 0 0 0 0 
Electricity:Renewable (000’ KWh) 20.440 20.486 142.491 1.481.564 1.384.227 1.223.272 1.212.917 
Gas (000’ KWh) 2.482.020 2.475.352 1.952.488 1.740.426 1.971.184 1.804.037 1.931.147 
LPG (000’ KWh) 80.070 80.403 82.000 79.391 79.425 53.247 38.375 
Other (000’ KWh) 290.598 289.877 314.428 337.572 338.153 324.558 NR 
TOTAL (000’ KWh) 4.333.898 4.330.224 3.773.828 3.638.953 3.772.989 3.405.114 NR 
% Change from 2009  -0,08% -12,9% -16,0% -12,9% -21,4% NR 
Consumption  (KWH/person) 23.018 22.687 20.149 19.985 22.003 21.196 NR 
% Change from 2009  -1,44% -12,47% -13,18% -4,41% -7,92% NR 
Personnel number Change from 2009  1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
Table C-2 
                                                             
2 Sustainable MoD Annual Report 2013/14 p.26 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2013-to-2014 Accessed 3 Jan 2017 
3 Sustainable MoD Annual Report 2014-15 p. 27 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 4 Jan 2017.  
4 Sustainable MoD Annual Report 2015/16, p.53 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 5 Jan 2017. 
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3. U.K. Armed Forces Hazardous waste 
U.K. Armed Forces Yearly Hazardous Waste (Tons) 
Year 2009
5
 2010
5
 2011
5
 2012
6
 2013
6
 2014
7
 2015
8
 
Hazardous Waste (Tons) 14.279 11.332 5.700 4.000 18.000 19.000 600 
% Change from2009  -20,64% -60,1% -72,0% 26,1% 33,1% -95,8% 
Hazardous Waste (Kg per person) 75,84 59,37 30,43 21,97 104,97 118,27 3,89 
% Change from 2009  -21,72% -59,9% -71,0% 38,4% 55,9% -94,9% 
Personnel number Change from 2009  1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
Table C-3 
              
   Chart C-5         Chart C-6 
                                                             
5 UK  MoD Greening Governments Commitments 2011-12, Annex B,  p.B-2  https://www.gov.uk/government/publications/mod-greening-government-commitments-ggc 
Accessed 6 Jan 2017. 
6 Sustainable MoD Annual Report 2013/14 p.28 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2013-to-2014 Accessed 3 Jan 2017. 
7 Sustainable MoD Annual Report 2014-15 p. 28 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 4 Jan 2017.  
8 Sustainable MoD Annual Report 2015/16, p.53 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 5 Jan 2017.     
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4. U.K. Armed Forces Solid  non-Hazardous waste 
U.K. Armed Forces Yearly Solid Non-Hazardous Waste  
Year 2009
9
 2010
9
 2011
10
 2012
10
 2013
10
 2014
11
 2015
12
 
Landfill waste (Tons) 54.891 48.058 43.511 29.000 35.000 18.000 15.000 
Percentage against total 32,07% 26,94% 22,74% 18,35% 25,55% 12,41% 9,55% 
Reused/Recycled (Tons) 90.560 94.796 121.507 101.000 94.000 99.000 100.000 
Percentage against total 52,91% 53,14% 63,51% 63,92% 68,61% 68,28% 63,69% 
Composted (Tons) 8.233 9.308 9.062 8.000 1.000 1.000 3.000 
Percentage against total 4,81% 5,22% 4,74% 5,06% 0,73% 0,69% 1,91% 
Incinerated with energy recovery 9.722 18.364 12.094 18.000 5.000 24.000 37.000 
Percentage against total 5,68% 10,29% 6,32% 11,39% 3,65% 16,55% 23,57% 
Incinerated without energy recovery 7.753 7.856 5.159 2.000 2.000 3.000 2.000 
Percentage against total 4,53% 4,40% 2,70% 1,27% 1,46% 2,07% 1,27% 
Total  Non Hazardous 171.159 178.382 191.333 158.000 137.000 145.000 157.000 
% Change from 2009  4,22% 11,79% -7,69% -19,96% -15,28% -8,27% 
Total Waste (Kg) per person 909 935 1022 868 799 903 1.018 
% Change from 2009  2,81% 12,4% -4,5% -12,1% -0,7% 12,0% 
Personnel number Change from 2009  1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
Table C-4 
 
                                                             
9 UK MoD Greening Governments Commitments 2011-12 Report  Annex B  p.B-2 https://www.gov.uk/government/publications/mod-greening-government-commitments-
ggc  Accessed 7 Jan 2017 
10 Sustainable MoD Annual Report 2013/14 p.28 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2013-to-2014, Accessed 3 Jan 2017. 
11 Sustainable MoD Annual Report 2014-15 p.28 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 4 Jan 2017. 
12  Sustainable MoD Annual Report 2015/16, p.53 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 5 Jan 2017. 
C-6 
 
 
Chart C-7 
171.159 
178.382 
191.333 
158.000 
137.000 
145.000 
157.000 
0 
50.000 
100.000 
150.000 
200.000 
250.000 
2009 2010 2011 2012 2013 2014 2015 
U.K. Armed Forces Solid Non-Hazardous Waste  
Landfill waste (Tons) 
Composted (Tons) 
Reused /Recycled (Tons) 
Incinerated without energy 
recovery (Tons) 
Incinerated with energy 
recovery (Tons)  
Total  Non Hazardous (Tons) 
C-7 
 
    
    Chart C-8         Chart C-9 
 
Chart C-10 
58,59% 
63,44% 
69,83% 
75,32% 72,26% 
84,83% 
87,26% 
0,00% 
20,00% 
40,00% 
60,00% 
80,00% 
100,00% 
2009 2010 2011 2012 2013 2014 2015 
U.K MoD percentage of ''Green'' management waste  
Reused/Recycled Percentage 
Incinerated with energy recovery percentage 
Total 'Green' Waste 
36,60% 
31,35% 
25,44% 
19,62% 
27,01% 
14,48% 
10,83% 
-20,00% 
0,00% 
20,00% 
40,00% 
60,00% 
2009 2010 2011 2012 2013 2014 2015 
U.K MoD percentage of ''Non-Green'' management 
waste  
Landfill waste percentage 
Incinerated without energy recovery waste percentage 
Total 'non-green' management waste percentage 
909 935 
1022 
868 799 
903 
1.018 
0 
500 
1000 
1500 
2009 2010 2011 2012 2013 2014 2015 
US MoD Total Waste per person 
Kg/person 
C-8 
 
5. U.K. Armed Forces  GHG emissions    
U.K. Armed Forces Yearly GHG emissions counted as CO2 equivalent gases (CO2e) 
Year 200913 201013 201113 201213 201314 201415 201516 
Gross emissions scope 1  (CO2e)  000’s  tons  3842 3796 3557 3526 3558 2236 460 
% Change from 2009   -1,20% -7,42% -8,22% -7,39% -41,80% -88,03% 
Gross emissions scope 1 per person (tons/person) 20,406 19,888 18,991 19,365 20,749 13,918 2,983 
% Change from 2009   -2,54% -6,93% -5,10% 1,68% -31,79% -85,38% 
Gross emissions scope 2 & 3   (CO2e) 000’s  tons  917 900 849 871 717 761 636 
% Change from 2009   -1,85% -7,42% -5,02% -21,81% -17,01% -30,64% 
Gross emissions scope 2&3 per person (tons/person) 4,870 4,715 4,533 4,784 4,181 4,737 4,124 
% Change from 2009   -3,19% -6,93% -1,78% -14,15% -2,74% -15,33% 
Gross emissions scopes 1, 2 & 3 (CO2e) 000’s  tons  4759 4696 4406 4397 4275 2997 1097 
% Change from 2009   -1,32% -7,42% -7,61% -10,17% -37,02% -76,95% 
Total emissions per person (tons/person) 25,276 24,603 23,524 24,149 24,930 18,655 7,113 
 % Change from 2009    -2,66% -6,93% -4,46% -1,37% -26,19% -71,86% 
Personnel number Change from 2009  1,4% -0,5% -3,3% -8,9% -14,7% -18,1% 
Table C-5 
 Scope 1,2,3 Definitions17 
a. “Scope 1 emissions occur from sources owned or controlled by the organisation. Examples include emissions as a result of combustion 
in boilers owned or controlled by the organisation. This includes emissions from organisation-owned fleet vehicles.” 
b.  “Scope 2 emissions result from energy consumed which is supplied by another party (e.g. electricity supply in buildings or 
outstations), and purchased heat, steam and cooling.”   
c.  “Scope 3 relate to official business travel directly paid for by an organisation (i.e. not business travel re-charged by contractors).” 
                                                             
13 MoD Annual Report and Accounts 2012-13 Sustainability Report. p.7 https://www.gov.uk/government/publications/mod-annual-report-and-accounts-201213 Accessed 2 Jan 2017. 
14 Sustainable MoD Annual Report 2013/14, p.26 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2013-to-2014 Accessed 3 Jan 2017. 
15 Sustainable MoD Annual Report 2014/15, p.27 https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 4 Jan 2017. 
16 Sustainable MoD Annual Report 2015/16, p.53  https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 5 Jan 2017. 
17 Sustainable MoD Annual Report 2015/16, p.55  https://www.gov.uk/government/publications/sustainable-mod-annual-report-2015-to-2016 Accessed 5 Jan 2017. 
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